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-EXECUTIVE SUMiVIARY OF THE RECOVERY PLAN FOR CUI-UI

CurrentStatus: This speciesis listed asendangered.The only population
exists in PyramidLake, westernNevada. Cui-ui wasextirpatedfrom adjacent
Lake Winnemuccawhich dried up in the 1930s.

Habitat Requirementsand Limiting Factors: Cui-ui inhabits PyramidLake.
Adults enter the lower river to spawnin Spring. Accessto spawninghabitat
is restrictedby attractionflows, a deltaat theriver mouth,and Marble Bluff
Dam. Spawningand developmentof eggsand larvaeareaffectedby water
depth,velocity, temperatureand quality, and availability and constancyof
substrates. Spawningand rearingfactors arefunctionsof lower Truckee
River runoff which is controlledby upstreamstorage,diversionand
consumption,and by point and non-pointsourcedischarges. Stampede
Reservoiris the only facility in thebasincurrently dedicatedto storewater for
cul-ul.

RecoveryObjective: Delisting

RecoveryCriteria: Cui-ui will be consideredfor delisting whenit is
demonstratedthat:

1. Thespecieshasa probability of at least0.95 of persistingfor 200 years;
2. Additional annualTruckeeRiver inflow to PyramidLake of 65,000acre-

feet or the equivalentbenefitbeyondthe amountrequiredfor
reclassification(equivalentto 110,000acre-feet)hasbeensecuredat a
minimum rateof 5,000 acre-feet/year;

3. Estimatednumbersof adult cui-ui and yearclassesof juvenilesand adults
havebeenstableor increasingduring theprevious 15 years;

4. Lake and river waterquality standardshavebeenachievedduring the
previous 15 years (seeAppendix Table A-i);

5. The lower TruckeeRiver floodplain hasbeenrehabilitated;
6. Marble Bluff Fish Facility and NumanaDam Fish Ladderhavebeen

modified to passupstreamat least300,000adult cui-ui during a spawning
run;

7. Maintenanceand operationof variouswater storageand fish passage
facilities for cui-ui havebeensecured;and

8. A hatcheryrefugefor broodstock hasbeenestablishedto protectagainst
catastrophicevents.

Cui-ui will be consideredfor reclassificationfrom endangeredto threatened
when it is demonstratedthat:

1. The specieshasa probability of at least0.85 of persistingfor 200 years;
2. Additional annualTruckeeRiver inflow to PyramidLake of 45,000acre-

feetor the equivalentbenefit havebeensecuredat a minimum rateof
5,000 acre-feet/year;and

3. Estimatednumbersof adult cui-ui and year classesof juvenilesand adults
hasbeenstableor increasingduring theprevious 15 years.
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Actions Needed

:

1. Securecui-ui spawningand rearinghabitatby increasinginflow to
PyramidLake, rehabilitatingfloodplain, achievingwaterquality
standards,and improving fish passage.

2. Conductresearchto collect new information to refine cui-ui model.
3. Usecui-ui model to evaluatebenefitsof conservationmeasures.
4. Managecui-ui spawningruns.
5. Protectcui-ui populationfrom extinction.

Costs: (in $1 ,000s,exclusiveof tasksauthorizedby P.L.
appropriations havenot beensecured)

Year
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

Recovery
Cost

Need 1
165
185
280
170
150
150
100

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1,200

Need2
160
160
230
230
220
220
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

2,550

Need3
64
64
64
64
64

204
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64

1,740

Need4
293
289
289
289
399
289
289
289
289
399
289
289
289
289
399
289
289
289
289
399
289
289
289
289
399

7,779

101-618for which

Need5 ___

0
200
110
10
10
10
50
10
10
10
10
50
10
10
10
10
50
10
10
10
10
50
10
10
10

690

Total
682
898
973
763
843
873
573
433
433
543
633
473
433
433
543
433
473
433
433
543
433
473
433
433
543

13,959

Dateof Recovery

:

Delisting could be initiated in 2016 if recoverycriteria
havebeenmet.
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PREFACE

TheRegionalDirector, Region 1, U.S. Fish and Wildlife Service,Portland,
Oregonre-establishedthe Cui-ui RecoveryTeamin March 1989. Its mission
was to updateor revise the Cui-ui RecoveryPlan. TheTeamdecidedthat the
plan neededextensiverevisionafter reviewing recentlycollectedbiological,
chemicaland hydrologicaldata, and the requirementsof the Endangered
SpeciesAct asamendedin 1988. The Team’srevision (second)offers a
quantifiablerecoveryobjective(basedupon probabilisticanalysisof simulated
cui-ui responseto varioushydrologicconditions)with site-specifictasks
which, if implemented,areexpectedto achieverecovery(i.e., eventual
delisting) of cui-ui.
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RECOVERY PLAN
FOR THE ENDANGERED CUI-UI (ChasmistescujuS~

OF PYRAMID LAKE, NEVADA

I. INTRODUCTION

Cui-ui (Chasmistescuius) is a lakesuckerfoundonly in PyramidLake,
Nevada. It was federally listed asendangeredon March 11, 1967 (32 FR
4001).

A. Description

Lakesuckers(genusChasmistes)are differentiatedfrom othermembersof the
family Catostomidaeby thin lips, the lobesof which areseparatedand may
lack papillae,and by a largeterminal,oblique mouth. The four recognized
speciesare residentsof threedistinctdrainagebasins: cui-ui (~. cuius) in the
TruckeeRiver basinof westernNevada(PyramidLake); shortnosesucker(=~.
brevirostris) in theKlamath River basin of Oregonand California; Junesucker
(~. liorus) in UtahLake; and therecentlyextinct SnakeRiver sucker(=~.
muriei) of the upperSnakeRiver in Wyoming (Miller and Smith 1981).

Cui-ui (Figure 1) was first describedby Copein 1883. Becauseof the
species’restricteddistributionand distinctive appearance,its taxonomicstatus
hasnot changed.

Cui-ui is a large, robust suckerwith a long, broad, and deephead. The
dorsal sideof its coarsely-scaledbody is blackish-brownwith a bluish-gray
castwhich fades to a creamy-whitebelly. Breedingmalesdeveloptubercles
on the analand caudalfins (LaRivers 1962; Miller and Smith 1981). Larvae
were describedby Snyder(1983). Cui-ui is probably the largestof the living
speciesof Chasmistes,weighing up to 3.5 kg (7.72 lb) (Snyder1917; Miller
and Smith 1981). Femalecui-ui havebeendocumentedexceedinga length of
700 mm (27.6 in) (Buettner,personalcommunication1991)with males
attaining 662 mm (26.1 in) (Rissler, personalcommunication1991).

B. Distribution

1. Historical

ThegenusChasmistesappearsin thefossil record in the Miocene(about20
million yearsago), and numerousfossil sites from Wyoming to Oregonand
south to southernCalifornia (Miller and Smith 1981)attestto its formerly
widespreaddistribution westof the ContinentalDivide. Cui-ui fossilsare
known only from the LahontanBasin, and all are Pleistocenein age.
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Figure 1: Cul—ul (Chasmistes cujus

)



Cui-ui occupiedancientLakeLahontan,which coveredmuchof northwestand
west-centralNevadaduring the Pleistoceneand more recentlyuntil 5-10,000
yearsago. Lake level declinedas the climatechangeduntil only fragmented,
remnantwaters - Pyramid, Winnemucca,Walker, and Honey lakes -

remained. As the deepestof these,Pyramidapparentlyremainedpermanent
and thus continuedto supportcui-ui. The absenceof cui-ui from Walker
Lake supportsthesuggestionof Benson(1978) that Walker Lake hasdried
completelyin the past. Fossil andarchaeologicalcui-ui remainshavebeen
reportedfrom the basinsof PyramidandWinnemuccalakes. Other
archaeologicalremainsfrom Churchill andPershingcounties,Nevadahave
beenattributedto transportfrom PyramidLakeby native Americans(Miller
and Smith 1981).

2. Recent

At thebeginningof the 20~ century,cui-ui inhabitedPyramidLake and
Winnemuccalakes (Figure2). Obligatestreamspawners,cui-ui congregated
nearthe mouth of the TruckeeRiver in spring and migratedas far as40 km
(25 miles) upstream(to thevicinity of Wadsworth,Nevada)to spawn(Snyder
1917). The specieswaseliminatedfrom WinnemuccaLake when it driedin
the 1930sfollowing unrestricteddiversion of water from the TruckeeRiver
and a severedrought.

3. Current

Cui-ui is now restrictedto PyramidLake and thelower TruckeeRiver
(downstreamfrom Derby Dam). PyramidLake elevationis nearly 24 meters
(80 feet) lower thanat the turn of the century,and therearenow structural
impediments(e.g., Marble Bluff and Numanadams) to fish passage. Adult
andjuvenilecui-ui inhabitPyramidLake year-round. Adults utilize the lower
19 km (12 miles) of the TruckeeRiver only during the spawningseason
(rangingfrom as early asApril to as lateasJune)and only in yearsin which
there is sufficientattraction flow and passageaboveor aroundthe delta
(Scoppettoneet al. 1986). Most spawnersutilize the 16-km (10-mile) reach
betweenMarble Bluff andNumanadams; the fish ladderat NumanaDam is
not conduciveto passageof cui-ui.

C. Life History andHabitat

Cui-ui is a large,long-lived and omnivoroussucker. PyramidLakeprovides
rearinghabitat for larvae,juveniles, and adults. The lower TruckeeRiver
providesprimary spawninghabitat. Adults, eggs,and larvae maybe present
in the river for a maximumof severalweeks. Spawninghasbeenobservedat
freshwaterinterfacesand springswithin PyramidLake (Koch 1973).

1. Lake Habitat

PyramidLake is the terminusof the TruckeeRiver. It is saline (>4.1 ppt),
alkaline(pH = 9.1-9.3)and categorizedasoligotrophicto mesotrophic.
From 1981 to 1990 maximumdepth has rangedfrom 111 to 119 km (365-
390 feet). Averageannualevaporativeloss is approximately440,000acre-
feet,which createsa vertical dropof 1.2 m (4 feet). Pyramidis a
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Figure 2. Major features of the Truckee/Carson River basin.

4



monomictic lakeand may stratify asearly as May; it usually remainsstratified
until December. Depth of the thermoclinevariesfrom 11 to 23 meters(35-
85 feet) (Galatet al. 1981). As of November1991, lake elevationwas
1158.3 meters(3800.3feet m.s.l.).

For much of the yearadult andjuvenilecui-ui inhabit the littoral zoneat
depthsof 18 to 31 meters(60-100feet). Juvenilesappearto concentrateat
the north and south endsof the lake. They aremost activeduring summer
and fall; however,a seasonalmigrationpatternhasnot beendemonstrated
(Scoppettone,personalcommunication1991).

2. RiverHabitat

The lower TruckeeRiver is a low- to moderate-gradientstreamdescendingat
a rateof approximately1.5 in/km (7.9 feet/mile). The banksarecomposed
of unstablesedimentarymaterialwhich is vulnerableto severeerosion. The
streamchannelhas changedsignificantly during this century. Lowering of
PyramidLake and artificial straighteningof theriver for flood-control
purposes(Gregory 1982) havecreateda shallow, braided,and unconfined
channelnetwork, and formeda broad deltaat the mouth (Born 1970; Glancy
et al. 1972). Marble Bluff Dam functionsasa hydraulic control to reduce
upstreamerosion,and hasalsocreatedseveralmiles of habitatsuitablefor
cui-ui spawningimmediatelyupstream.

Dischargein the lower TruckeeRiver is highly variablebetweenseasonsand
years,depending,in part, on upstreamstorageand diversionsat Derby Dam.
Averageannualinflow to PyramidLake for theperiod 1918-1970was
approximately250,000acre-feetwith a low of 13,000acre-feetin 1931 and a
high of 1,450,000acre-feetin 1907 (Matthai 1974). Runoff, a functionof
snowmelt,generallypeaksin late spring (averageof 56,000acre-feetin May)
and is lowest in late summer(averageof less than 1,000 acre-feetin August).

Ambient waterquality dependsupon upstreamconditionsand discharge
volume. Ranges(and means)for key waterquality parametersmeasuredat
Nixon are: temperature- 0.5~29.6oC (mean = 13.2); dissolvedoxygen -

6.0-15.5mg/l (11.0); conductivity - 87-1050micromhos(432); nitrate-N -

0.003-1.0mg/l (0.31); unionized ammonia - 0.00-.50mg/l (.002); and total
dissolvedphosphate- 0.002-0.45mg/l (0.13). The periodof recordextends
from 1968 to 1989 (NevadaDEP 1990).

Pollutantsfrom point and non-pointsourcesenterfrom municipal,
agricultural, and industrial sourcesalong the entire river. This resultsin high
levels of nutrientloading to theTruckeeRiver andPyramidLake (Appendix
A). A variety of factorshavedegradedwaterquantityand quality which
periodically haveadverselyaffectedcui-ui spawningand nurseryareas.
Increasedtemperaturesand sedimentloading, decreaseddissolvedoxygenand
wettedperimeter,and otherparametershaveall reducedhabitatquality for
cul-ul.
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Whenhydrologicconditionsare suitable,cui-ui canaccessspawninghabitatin
the lower TruckeeRiver either acrossthe TruckeeRiver delta or throughthe
PyramidLake Fishway. Resourcemanagersprefer that cui-ui passover the
delta ratherthan through the fishway for severalreasons. Spawningruns that
transit the delta arepotentially earlierand larger; they may containmoreyear
classes;and fish may experienceless stress. Passageis determinedby the
elevationof PyramidLake. Passagevia the fishway is possiblewhenlake
elevationis greaterthan 1,153 meters(3,784 feet) and via the deltawhen the
elevationis generallygreaterthan 1,161 meters(3,812feet) (Buchanan1987).

Inflow to PyramidLake is often insufficient to attractspawnersor to stimulate
fish movementinto the river or PyramidLake Fishway. Sedimentloadsin
the river, in conjunctionwith declining lakeelevation,havecreatedan
extensivedeltaacrossthe mouth that is frequentlya barrier to upstream
passageof cui-ui spawners.

3. EssentialHabitat

Essentialhabitatidentifies that portion of the TruckeeRiver basinwhich
providesspawningand rearinghabitat for cui-ui and which hasthe greatest
impact on physical,chemicaland biological componentsof cui-ui spawning
and rearinghabitat. Essentialhabitatfor cui-ui is determinedto be the
Truckee River from HunterCreek (westernReno) to and including Pyramid
Lake and its tributaries. This designationis substantiatedby the following:

- the majority of point and non-pointsourcesfor pollutants in the
TruckeeRiver occursfrom Renodownstream;
- the greatestvolumeof wateris diverted from theriver (numerous
sources)from Renodownstream;
- the majority of habitatalteration in the river hasoccurredfrom Reno
downstream;and
- therearereports (unconfirmed)of cui-ui spawningin the river asfar
upstreamasLockwood (eastof Reno).

Critical habitat is definedby the EndangeredSpeciesAct as “...specific
areas...essentialto the conservationof the speciesand which mayrequire
specialmanagementconsiderationsor protection...”but ..... shallnot include
the entire geographicalareawhich canbe occupiedby thethreatenedor
endangeredspecies.” Critical habitat hasnot beendesignatedfor cui-ui.

4. Spawning

Adult cui-ui congregatein March and April nearthe mouthof the river prior
to migration. Spawningrunsbegin in April or May, dependingupon timing
of runoff, river access,and water temperature. Thereis evidencethat a high-
volume spnngrunoff attractsmorespawnersand promotesegg ripening
(Sonnevil 1981; Buchananand Strekal 1988). Spawningoccursduring April-
May. Most spawnersmigrateless than 9.7 km (6 miles) upstream,but some
may travel up to 19.3 km (12 miles). While most spawnersspendonly a few
days in the river, somemay remainup to 16 days. Spawningruns may
continuefor 4 to 8 weeks,but mostfish migrateduring a 1- to 2-weekperiod
(Coleman1986).
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Cui-ui spawnin groupsof one to severalindividuals of eachsex. Females
broadcasteggsoveran averageof 50 in

2 (538 ft2) of predominantlygravel
substratein waterdepthsof .24 to 1.22 meters(0.8-4.0feet) with velocities
of 0.31 to 0.61 in/sec(1-2 ft/second). Individualscompletespawningovera
3- to 7-dayperiod (Scoppettoneet al. 1983). The areaof spawninghabitat
betweenMarble Bluff and Nuinanadamsis estimatedto be 10,100square
meters(109,000squarefeet) at 70.75 cins (2,500cfs, the maximummanaged
spawningflow) and 18,800squaremeters(202,000squarefeet) at 28.3cms
(1,000cfs, the minimum managedspawningflow - seeBuchananand Strekal
1988).

Upon return to the lake,spawnersdo not enterthe river again that year
(Scoppettoneet al. 1986). Adult cui-ui seemto havethe potentialto spawn
every yearbut most only spawnseveraltimes a decadebecauseof passage
barriers(Colemanet al. 1987; Buchananand Burge 1988).

Fertilized eggshatch in 1 to 2 weeks,dependingupon water temperature;
optimum rangeis 14.4 to 17.20 C. Survival of newly-fertilizedeggsdecreases
markedlyin waterabove17.20C. Embryosand larvaeexhibit a greater
tolerancethaneggsto elevatedtemperature. After eggshatch, yolk-saclarvae
remain in the gravel 5 to 10 daysprior to emergence(Scoppettoneet al.
1983).

Upon emergence,mostlarvae are sweptimmediatelydownriver to the lake.
Somemay enterriver backwatersand remainthere for severalweeks. Upon
reachingthe lake, larvaeoccupy the shallowlittoral zone. They disperseinto
deeperlakewaters in late summer,but seemto remain segregatedfrom adults
(Scoppettoneet al. 1983; Rissler, personalcommunication1991).

5. Fecundity

Femalesproducelargenumbersof small (2-3 mm) yellowish-whiteeggs.
Fecundityrangesfrom 25,000to 186,000eggsfor 430-mmto 657-mm (16.9-
28.9 inch) females,respectively(Scoppettoneet al. 1986). While femalesof
40+ yearsmay still produceviableeggsand occasionalmalesof 40+ years
havebeenfound with viable sperm,egg viability appearsto decrease
dramaticallyafter femalesreach30 yearsof ageand few malesor femalesin
their mid-30’s produceviable gametes(Scoppettone,personalcommunication
1991).

6. Growth, Survival and Longevity

The sexesgrow at a similar rateand reachmaturity in 6 to 12 years. While
both sexeshavebeendocumentedto live 40+ years, femalecui-ui generally
live longerand grow fasterthanmales(Scoppettoneet al. 1986).

Chatto (1979)demonstratedthat cui-ui eggscannotsurvive in the highly saline
waterof PyramidLake. The survival ratefor eggsin the river hasbeen
estimatedto rangefrom 7.6-14.0%in water temperaturesrangingfrom 20.6-
14.40 C (the relation is inverse). Although thereareno empirical dataon
larvaeor juvenile survival, survivorshipof cui-ui larvae is presumedto be
extremelylow (—0.2%) and the averageannualsurvival ratefor juveniles is
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presumedto be 75%. Resultsfrom tag releaseand recapturestudiesand
comparisonsof dataon otherlong-lived fish suggestthat adults mayhavean
annualsurvival rateof 85% (Buchananand Strekal 1988).

All life stagesaresubjectedto predation. Eggsand emergentlarvaein the
river areeatenby Lahontanredsideshiner(Richardsoniusegregius

)

(Scoppettoneet al. 1983). Young cui-ui areprey for tui chub (~jLa bicolor

)

andLahontancutthroattrout (Onchorhyncusclarki henshawi). Lake-dwelling
adultsapparentlyhaveno predators,but adultsarevulnerableto American
white pelican(Pelecanuserythrorhynchos)and double-crestedcormorant
(Phalacrocoraxauritus)attackswhile in the river (Scoppettoneet al. 1986).

7. PopulationSize

Tagging studiesof adult cui-ui from 1982 to 1986 suggestthat prespawning
aggregationscontainedfrom 90,000to 200,000adults (Scoppettoneet al.
1986; Colemanet al. 1987). Preliminaryresultsof recent tag releaseand
recapturestudiesindicatethat approximately300,000adults(age9+ years)
and one to severalmillion juvenilescomprisethe currentcui-ui population
(Scoppettone,personalcommunication1991).

8. Food

Scoppettoneet al. (1986) found that cui-ui larvae feedprimarily on
zooplanktonand chironomidlarvae, while adultsconsumemostly zooplankton
(cladoceransand copepods). Recentstudiesindicatethat juvenilecui-ui feed
on zooplankton(cladocerans,copepodsand ostracods),chironoinidlarvae, and
algae;it is suspectedthat adults alsofeed on chironoinid larvaeand ostracods
(Scoppettone,personalcommunication1991).

9. Genetics

In 1988, sub-adultcui-ui with unusualheadand lip morphologywere
captured. This arousedsuspicionthat hybridizationhad occurredwith Tahoe
suckers(Catostomustahoensis),and that a substantialnumberof hybrids were
entering the breedingpopulation. An allozyinestudy wassubsequently
performed,but 18 putativehybrids were geneticallyidentical to knowncui-ui
of olderyearclasses. Theapparentdifferencesin morphologymay reflect
geneticplasticity in the speciesor maybe a developmentalresponseto
environmentalfactors. Individual cui-ui exhibitedlow levelsof allozyme
variability which may beattributedto geneticbottlenecksor reductionsin
effectivesizeof the spawningpopulation(Brussardet al. 1990).

D. Reasonsfor Listing

Upstreamstorageand diversionsof water in the TruckeeRiver reducedinflow
to PyramidLakeand endangeredthecui-ui. Timber harvestingandirrigated
agriculturein the basin in the 19”’ centuryalteredthe quantity and quality of
TruckeeRiver runoff. Derby Dam (completedin 1905asa key featureof the
NewlandsProject)becamethe largestsinglediversionof TruckeeRiver water.
Increasingagricultural, municipal, and industrial waterdemandsalteredthe
volumeand timing of river flows which disruptedcui-ui reproduction. Also,
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channelization,grazing,and timber harvestingin and along the TruckeeRiver
reducedriparian canopyand increasedbank erosion. Thesedetrimental
conditionshaveintensifiedwith further urbanandagriculturaldevelopment.

Extirpationof Lahontancutthroattrout from PyramidLake in the 1940swas
viewedasa harbingerfor cui-ui endangermentbecauseboth speciesare
obligateriver spawners. Catch in the cui-ui fishery droppeddramatically
from 1956 to 1968, which suggesteda declineof the cui-ui population;the
predominanceof femalessignified an agingpopulation. Thus, cui-ui was
listed as federallyendangeredin 1967.

Recentstudieshavesubstantiatedthe validity of this status. Restrictionof
river accessand eliminationof spawninghabitatcauseda steadydecreasein
the size and frequencyof cui-ui spawningruns (U.S. Fishand Wildlife
Service1977). Only threeyearclasses(1942, 1946and 1950) existedin
1966; in 1983 an additional yearclass(1969)comprised97% of the spawning
run (Scoppettoneet al. 1986).

E. RecentConservationMeasures

1. RecoveryPlansandRecoveryTeams

The first cui-ui recoveryplan waswritten in 1978 by a recoveryteam
composedof representativesfrom the U.S. Fish and Wildlife Service
(Service),NevadaDepartmentof Wildlife, and PyramidLakePaiuteIndian
Tribe (Tribe). Theplan wasupdatedin 1980 and revisedin 1983 with the
team’sconcurrence. The team agreedto disbandin 1984. Thatplan has
guidedrecoveryactionsto date.

Theprimaryobjectiveof the first recoveryplan was to “restorethe speciesto
a non-endangeredstatusand reclassifyfrom endangeredto threatened”(U.S.
Fish and Wildlife Service1978). Becauselittle wasknown of cui-ui life
history and habitat, requirementsfor reclassificationwere not quantified.
Recoverystrategywas divided into threeelements:1) protectionof the
existing population;2) populationaugmentationwith hatchery-rearedfish; and
3) restorationof essentialhabitat. Becauserestorationwashamperedby lack
of knowledge,the highestpriority was to conductresearchon cui-ui life
history and habitatrequirements. Hatcheryoperationswere recommendedas
a meansof augmentingthe populationuntil natural reproductionwasre-
establishedand to providesomeprotectionfrom catastrophicevents.

The 1980versionof the plan retainedits original objective(U.S. Fish and
Wildlife Service1980). Although the generalstrategydid not change,the
updatedplan containednew information. The updatedversionemphasized:1)
continuationof experimentalhatcheryoperationsfor rearingboth larval and
juvenile stages;and 2) establishmentof successfulspawningruns in the
TruckeeRiver. It recommendedcontinuationof the life history and habitat
studies, and continuedoperationand improvementof MarbleBluff Fish
Facility and PyramidLake Fishway.
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The 1983 revision changedboth the recoverygoal and strategy(U.S. Fish and
Wildlife Service1983). The goalbecamedelisting of cui-ui to non-
endangeredstatusby restoringand maintainingan optimum, self-sustaining
populationin theTruckeeRiver - Pyramid Lakesystem. As with theoriginal
plan, the goal wasnot quantified. Thoughthe recoverystrategywaschanged
considerably,the changewasmoreof format thansubstance.The threemain
thrustswere: 1) identification,rehabilitation,and maintenanceof sufficient
habitatfor cui-ui in the TruckeeRiver and PyramidLake to maintainthe
optimumpopulationthroughnatural reproduction;2) protectionand
managementof the optimum self-sustainingcui-ui population; and 3)
educationof the public abouttherecoveryeffort. Emphasiscontinuedto be
placedon identificationandrehabilitationof habitatand proper managementof
the population.

2. Tribal Fishery

Historically, the PyramidLake bandof Northern PaiuteIndians relied heavily
upon annualspawningruns of cui-ui for food. To aid protectionand
restorationof cui-ui, the Tribal Council passedresolutionsin 1969 and 1979
ceasingharvestof cui-ui by non-Indiansand tribal members,respectively.
Theseresolutionswere reemphasizedin 1984when the Council passeda
motion reiteratingthe moratoriumon a cui-ui fishery.

3. HatcheryOperations

In 1971, the Serviceurged that immediateactionbe taken to preservethe cui-
ui population in PyramidLake. Without suchprotectionit was fearedthat the
speciesmightbecomeextinct within 10 years (U.S. Fish andWildlife Service
1971). A remedialaction was the developmentof cui-ui propagation
techniquesto supplementthepopulationuntil it becameself-sustainingand to
providea contingencystockin caseof catastrophicspawningfailure or
populationloss (U.S. Fishand Wildlife Service 1976, 1978, 1983).

In 1972, David Koch and the Servicedevelopedcui-ui propagationtechniques
and establishedthe first cui-ui culture facility at HardscrabbleCreek near
Sutcliffe, Nevada(Koch 1972; U.S. Fish and Wildlife Service1972; Koch
and Contreras1973). A rudimentaryhatcheryoperationbeganin 1973 after
the Serviceimprovedthe facilities and productiontechniques(U.S. Fish and
Wildlife Service1976). With completion of the David Koch Cui-ui Hatchery
by theTribe and training of Tribal personnelin cui-ui culturetechniques,the
Servicetransferredoperationand control of the programto the Tribe in 1977
(Sonnevil 1978), which continuesto the present.

From 1972 through 1990, millions of hatchery-rearedcui-ui larvae and several
thousandjuvenileswere stockedin Pyramid Lake (Colemanet al. 1987;
Buchananand Strekal 1988). Thoughno directevidenceexistsas to their
contributionto the adult population,informationderivedfrom larvaeof other
long-lived fishessuggeststhat few larvaewould be recruitedto the adult
population. Becauseof theseconcerns,the Tribe, in consultationwith the
Service(mid-1980s),redirectedthe hatcheryprogramfrom larvaeproduction
to extendedrearingto increaserecruitmentto the adult population. This will
requiresubjectingfewer adult fish to the rigors of artificial spawning. On the
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negativeside, however,useof feweradultsdecreasesthe probability of
maintaininggeneticvariability. This programmust, therefore,be
accompaniedby geneticanalyses(seebelow)and maintenanceof pedigreesin
the broodfishto avoid inbreedingand inadvertentproductionof genetic
bottlenecks.

4. Marble Bluff Dam, MarbleBluff Fish Facility, and
PyramidLake Fishway

In 1976 underauthority of the WashoeProjectAct (70 Stat. 775 datedAugust
1, 1956),the Serviceassistedin thedesign and the U.S. Bureauof
Reclamation(Reclamation)built Marble Bluff Dam and Marble Bluff Fish
Facility (which includesPyramidLake Fishway). The damand fish facility
arelocatedon the TruckeeRiver about4.8 km (3 miles) upstreamof Pyramid
Lake. Thefishway - a clay-linedcanal with a terminalstructurein Pyramid
Lake and 5 fish ladders(including the facility by-passladder)- providesan
alternateaccessroute to upstreamspawningareasin the TruckeeRiver. The
fishway terminatesat the fish facility which containsequipmentfor holding,
counting,and handling fish for releaseupstream. A trap at thebaseof the
damprovidesa meansof captureand upstreampassageover the damfor fish
which migrate via the delta.

Thesestructureswere intendedto enhanceconservationof cui-ui by providing
passagearoundthe river delta and by helping to control erosion in spawning
habitatupstreamof the dam. The Serviceinitiatedoperationand maintenance
of the fishway in 1977 (Ringoand Sonnevil 1977).

The fishway and fish facility are less effective in attractingand passingcul-ul
spawningruns than anticipated(Sonnevil1978, 1981; Coleman1986;
Scoppettoneet al. 1986). The35-50cfs dischargeat the terminusof the
fishway is small in relation to flow over the deltaand inadequateto attract
largenumbersof cui-ui. Laddersin the fishway were patternedafter those
usedat Ice HarborDam on the SnakeRiver for passageof migrating salmon
and anadromoustrout. They createvelocitiesand turbulencethat impede
passageof cui-ui.

Oncefish enter the fish-handlingfacility, theyareconcentratedand
mechanicallyraisedfor releaseupstreamof the dam. In yearswhen fish
passageis availableacrossthe delta, cui-ui arecapturedat the baseof the
dam in an underwatertrap/elevatorcombinationthat raisesthem to the
elevationof the impoundment. Many cui-ui havedied in the fish facility from
stressand physicalharm (Buchanan1986). Although many correctionshave
beenmadein recent years,numerousproblemsstill exist and fish continueto
be lost (U.S. Fish andWildlife Service1987; Buchananand Burge 1988).

5. StampedeReservoir

The completionof StampedeDam and Reservoiron the Little TruckeeRiver,
nearly90 miles upstreamof Pyramid Lake,wasa significant contributionto
reestablishingriver flows suitable for cui-ui. Built under the authority of the
WashoeProjectAct, the dambecameoperationalin 1970. The maximum
storagecapacityof the reservoiris 226,000acre-feet,with an averageannual
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yield for cui-ui useof roughly 37,000acre-feet. In the early 1970s,the
Secretaryof the Interior (Secretary)orderedthat the reservoirbe operated
principally for the benefit of threatenedand endangeredfishesof Pyramid
Lake and for limited flood control. This orderwas basedon the Endangered
SpeciesAct and trust responsibilityto theTribe.

Since 1976, the Servicehasusedwater from StampedeReservoirto adjust
volume and timing of river flow to enhancecui-ui and Lahontancutthroat
trout spawningrunsand to maintainwater temperaturessuitablefor egg
incubation. The ServiceproducedStampedestoragemanagementplansfrom
1982 through 1987, the last yearwater was releasedfor spawning(U.S. Fish
and Wildlife Service1982b, 1983b, 1985, 1986, 1987b). In 1982 the U.S.
District Court for the District of Nevadaaffirmed the Secretary’sauthority by
ruling that the Secretarywas to use “. ..thewatersstored in Stampede
Reservoirfor the benefitof the PyramidLake fishery until such time asthe
cui-ui and Lahontancutthroattrout are no longerclassifiedasthreatenedor
endangered,or until sufficient waterbecomesavailable from othersourcesto
conservethe cui-ui and Lahontancutthroattrout.” The U.S. Ninth Circuit
Court of Appealsaffirmed this decision,and the U.S. SupremeCourt declined
to review thecase. This gavecui-ui its only assuredwatersupply.

6. Spawning Run Management

The managementobjectiveof the Service,which has the leadresponsibility
for researchand management,is to enhanceprospectsfor cui-ui survivalby
producingas manyyear classesaspossible. This is doneby managing
StampedeReservoirreleasesto maximizeoccurrenceof suitableriver stages
and lake conditionsduring spawningruns, and by operatingMarble Bluff Fish
Facilities to providepassagearound the delta. Managedflows also enable
collection of cui-ui eggsfor hatcheryincubation. Water in storageis to be
usedto supplementbackgroundflows and to maintainspawninghabitat. Only
excessstoragein Stampedeis usedfor Lahontancutthroat trout spawningin
the river (Buchanan1987; Buchananand Coleman1987).

For cui-ui to reproducesuccessfully,TruckeeRiver dischargeinto Pyramid
Lake must satisfy severalcriteria. Thevolume must be sufficient to attract
potential spawnersto the delta and to providea stimulusto initiate the
spawningrun. Flows mustalsobe adequatefor maintenanceof spawning,
incubation,and rearinghabitatin the river, and to providefor outinigrationof
adultsand larvae (Buchanan1987). It is estimatedthat a minimum attraction
volumeof 60,000acre-feetis requiredfrom JanuarythroughApril whendelta
passageis available,and 176,000acre-feetwith fishway accessalone
(Buchananand Burge 1988). The numberof fish in the spawningrun
generallyincreaseswith water flows abovethe minimumattractionvolume.
The minimum managedspawningflow during May andJuneis set at 1,000
cfs (approximately60,000acre-feet/month)to achieve(with normal air
temperature)an averagedaily maximumwater temperatureof 17.20 C at
Nixon, Nevada. Flows greaterthan 1,000 cfs will improveegg survival by
maintaininglower water temperatures.Juneflows aremanagedto equalMay
flows (but not to exceed2,500 cfs) to reducethepotential for killing eggsand
yolk-saclarvae by scouringand to enableadult movement(Buchanan1987;
Buchanan and Burge 1988; Buchananand Strekal 1988).
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If the spawningmigrationpeaksin late April, thenJuneflows would provide
for the completionof incubationand for outmigration. If the spawning
migration peaksin May, thenJuneflows would providefor incubationand the
beginningof outmigrationand July flows (an averageof 520 cfs for the
month) would be requiredfor completion of outinigration (Buchanan1987;
Buchananand Strekal1988).

Theprecedingflow regimesare usedas a guidefor controlling flows in the
lower river. Eachyear,beginningin January,the Service,in cooperation
with Reclamationand the Tribe, developsa water releaseprogramfor
StampedeReservoirto promotecui-ui spawning. The programis basedon
informationregardingStampedestorageand forecastsof TruckeeRiver
runoff, and is updatedfrequentlyas new informationabout thecui-ui
prespawningaggregationand spawningrun, larvaeoutmigration,and lower
TruckeeRiver water temperaturesand forecastsare obtained.

7. Research:life history, populationdynamics, genetics,and
habitat

After Cope’s(1883) taxonoinicdescriptionof cui-ui, Snyder(1917) was the
first to describevariousaspectsof cui-ui life history from observationsof the
1913 spawningmigration. Little morewaswritten aboutcui-ui until the mid-
1950swhen the NevadaFish and GameCommissionbeganlife history
investigationsof spawningmigrations, lakedistribution, and foodhabits
(Jonez1955, Johnson1958, La Rivers 1962). At that time, the population
appearedlarge,but majordeclinesin catchduring the 1960srenewedconcern
for the species. Gill net surveysin 1971 and 1972 by Koch (1972)yielded
additionalevidencethat the populationwasgreatly reduced. He alsoprovided
informationon lake spawning(Koch 1973), hatchingtechniques(Kochand
Contreras1973)andearly life history (Koch 1976). From 1972 through
1982, the Serviceconducteda cui-ui spawningrun monitoring program.
Initially this programwas intendedto monitor populationstatusand collect
fish for hatcherypropagation. It wasexpandedlater to include an evaluation
of the relationbetweenprespawningaggregationand TruckeeRiver flow
(Sonnevil 1977, 1978, 1981).

Researchin the early 1980sfocusedon riverine life history requirements,
larvaeemigration,populationestimation,age,and growth (Scoppettoneet al.
1986, Colemanet al. 1987, Buchananand Burge 1988). In 1988 the Service
(SeattleNational FisheryResearchCenter)beganan extensivestud of cui-ui
populationdynamicsand life history. Objectiveswere to estimatecui-ui
populationsize, annualsurvivorshipof eachlife stage,and to determinethe
species’lake habitatrequirements. This information is essentialfor refining
the cui-ui model (Buchananand Strekal 1988)developedto simulateimpacts
of different TruckeeRiver watermanagementplanson populationdynamics,
and to optimize releasesfrom StampedeReservoirfor cui-ui spawning
(Appendix B).

Studieshavealso beenconductedon cui-ui embryology(Bres 1978), growth
and longevity (Scoppettone1988), taxonomyof early life stages(Snyder
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1983), spawningbehavior(Scoppettoneet al. 1983), adult swimmingability
(Koch 1972), andeffectsof salinity, nitrogenproducts,and water temperature
on hatchingsuccess(Chatto 1979; Koch et al. 1979; Koch 1981; Colemanet
al. 1987; Buettneret al. in press). Other investigationshaveincluded
evaluationsof temperaturetolerancein juvenileand adult cui-ui (Koch 1982)
and salinity bioassayon eggs,larvae, andjuveniles(Lockheed 1982).
Becauseof concernsthat masshybridizationsmay haveoccurred,Brussardet
al. (1990),using starch-gelelectrophoresisof proteins,determinedthat cui-ui
havenot hybridizedwith Tahoesuckersand that they havean extremelylow
level of heterozygosity.

8. Regulationof NewlandsProjectWaterDiversions

TheNewlandsProject(Project)provideswater for irrigation and other
purposesto a definedserviceareain westernNevadaalong theTruckee Canal
nearFemleyandin thelower CarsonRiver basinnearFallon. The Project
serviceareaconsistsof approximately73,800acresof land that are entitled to
receiveirrigation water. Water for theselands is suppliedfrom the Truckee
and Carsonrivers. Water from theTruckeeRiver is divertedat Derby Dam
via the TruckeeCanal for direct delivery to irrigators in the TruckeeDivision
of the Projectand to supplementCarsonRiver flows stored in Lahontan
Reservoirfor laterdistribution to the CarsonDivision.

Major featuresof the Projectwere completedby Reclamationin 1915. Since
that time, the Projecthasbeeninvolved in controversyresulting from intense
competitionfor the limited waterand adverseimpactsof diversionson fish
and wildlife resourcesof PyramidLakeand wetlandsin both theTruckeeand
Carsonbasins. This competitionresultedin considerablelitigation to settle
waterdisputes.

In 1964, the Secretaryformeda taskforce to studyand report on methodsto
resolvethesecontroversies. The taskforce madenumerousrecommendations
for diverting and managingProjectwater. Onerecommendationwas the
formulationof OperatingCriteriaand Procedures(OCAP) for the Projectthat
would maximizeuseof CarsonRiver flows to satisfyproject requirementsand
minimize diversionsfrom theTruckeeRiver for the benefit of PyramidLake
fish resources. After numerouscourtchallengesover technicaland legal
issuesand severalattemptsto developOCAP, the Secretaryof theIntenor
adoptedOCAP in 1988 (U.S. Departmentof the Interior 1988).

From 1918 through 1970, the averagenet diversionfrom the TruckeeRiver to
the NewlandsProjectwasapproximately250,000acre-feet/year,nearly 50%
of averageannualflow (Matthai 1974). After OCAP arefully implementedin
1992, averageannualdiversionsfrom the TruckeeRiver to the projectare
expectedto be reducedby over 50% (U.S. Departmentof the Interior 1988).
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9. Benefitsof ConservationMeasures

Cui-ui havebenefittedin recentyearsfrom severalactionsand events. These
have included:

1) The Secretary’simplementationof recommendationsby Interior’s 1964
Task Forceon the NewlandsProject,and adoptionof OCAP and other
managementmeasuresfor the Truckeeand Carsonrivers;

2) constructionand operationof Marble Bluff Fish Facility and Pyramid
Lake Fishway;

3) storagereleasesfrom StampedeReservoir;and

4) threeabnormallywet yearsin the 1980sthat raisedthe elevationof

PyramidLake more than 9 meters(30 feet).

From 1980 through 1987, cui-ui reproducedsuccessfullyin 7 years. This is a
substantialimprovementcomparedto productionof only two major year
classesfrom 1950through 1979. Spawningruns in the 1980saveraged
12,470fish annuallyand rangedfrom 5,000 to 36,300 fish. In spiteof this
apparentimprovement,thesearesmall numbersof fish in comparisonto
historic runs (BuchananandBurge 1987). Althoughhundredsof millions of
larvae were produced,the information is not availableto assesstheir survival
or potential for recruitmentto the adult population (Scoppettone,personal
communication1991). Insufficient water from 1988 through 1991 precluded
spawningruns.

F. Future ConservationMeasures

Fourconservationmeasuresareongoing:

1. Truckee-Carson-PyramidLake SettlementAct

TheTruckee-Carson-PyramidLake Water RightsSettlementAct of 1990 (P.L.
101-618)hastremendouspotential for conservingcui-ui. It providesavenues
for settling many long-standingdisputesover apportionmentof water from the
Truckeeand Carsonrivers and for promotingefficient useof thesewaters.
This Act also authorizesthe acquisitionof sufficient water rights to promote
recoveryof cui-ui. It emphasizesthe rehabilitationof the lower Truckee
River and allocatespreviously uncommittedwater in ProsserCreekReservoir
and waterconservedfrom the Fallon Naval Air Station for listed fishesof
PyramidLake. ProvisionsgoverningOCAP for the NewlandsProjectand
managementof TruckeeRiver reservoirsmayalso benefitcui-ui by making
morewateravailablein the lower river, particularly during the spawning
season. Thesebenefitsmay not be realizedfor manyyearsand may be offset
somewhatby increasedconsumptiveuseof waterupstreamwhich is also
allowedby the Act.
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2. Cui-ui Research

The Serviceis conductingan 8-yearpopulationdynamicsstudy (to be
completedin late 1996) to improveaccuracyof cui-ui populationestimates
and assessannualsurvivorshipof eachlife stage. This information is
essentialfor refining the cui-ui model when usedwith the stochastic
hydrologicdatabaseto definerecovery(Appendix C). Funding for this study
is not assured,however,beyondFY 1992.

3. Pyramid Lake Nutrient Loading Study

TheTribe hascontractedwith the Liinnological ResearchGroup at the
University of California, Davis for a multi-yearstudyof potentialeffectsof
nutrient loading on PyramidLake. This project (1993completiondate)
should providemanagementagencieswith an empiricaland mechanisticmodel
to predict hypolimneticdissolvedoxygen from internal and externalnutnent
loading. Such informationis essentialto establishingwaterquality standards
for protectingcui-ui lake habitat.

4. ManagementActions

The Servicewill continueto operatethe Marble Bluff Fish Facility and to
developannualplansfor the effectiveuseof Stampedestoragefor cui-ui and
Lahontancutthroattrout. TheTribe will continueto operateand maintain the
David Koch Cui-ui Hatchery.

G. RecoveryStrategy

Recoveryis predicatedon conservingthecui-ui ecosystem,while recognizing
that TruckeeRiver flows will continueto be managedto satisfy many
beneficial uses. The following measuresare requiredto recovercul-ul.

1. SecureHabitat

Recoverywill requireopportunitiesfor cui-ui reproductionand recruitmentto
the adult populationbeyondthecurrent level. This necessitatessecuring
spawninghabitatin thelower TruckeeRiver and rearinghabitatin Pyramid
Lake.

Additional watermustbe securedfor the lower TruckeeRiver during the cui-
ui spawningseasonto expandspawninghabitat and maintain suitablewater
quality for egg development.This might be accomplishedby developingand
implementingan operatingagreementfor upperTruckeeRiver reservoirs,
purchasingTruckeeRiver water rights for delivery to thelower river and
PyramidLake during the spawningseason,and/orreducingdiversionsfrom
the TruckeeRiver. Theinitial measureonly changesthe timing of available
water to provide moreduring spawningseason;the latter two measures
increaseavailablesupply to Pyramid Laketo expandspawninghabitatand
improveriver accessduring the spawningseason,and maintain rearinghabitat
year-round
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Rehabilitationof the lower TruckeeRiver channelwould return the existing
straight, wide, shallow, braidedand sparselyvegetatedlower river to its
historic meandering,narrow, deep,shadedand stablecharacter.
Rehabilitationcould be accomplishedby reestablishinga native treecanopy
within the floodplain, controlling grazing,and stabilizing the river channel.
This would likely increasetheamountand stability of cui-ui spawninghabitat,
and would reduceambientriver temperatureto increaseegg survival and
recruitmentof larvae.

Reductionin nutrient loading and total dissolvedsolids (TDS) from point and
non-pointsourcesto the TruckeeRiver would improvewaterquality in the
lakeand the river. Improvementof river waterquality would reducealgal
growth and microbialactivity on and within spawninggravels,thereby
increasingegg survival. Reductionof TDS to the lake maylimit adverse
effectson cui-ui and its planktonic food sources. It could alsodecreasethe
frequencyor intensity of blue-greenalgaebloomsand reducehypolimnetic
oxygendemand.

Existing fishway and river trap facilities mustbe operated,maintained,and
improvedto ensureupstreampassageof cui-ui eachyearwhen sufficient
water is availableto promotespawning. Becauseriver passageis less
restrictive than the fishway, greateremphasisshould beplaced upon
increasingtheefficiency and capacityof the Marble Bluff river trap andon
providing accessover the TruckeeRiver delta. Hydraulic improvements
within the delta, if feasible,maypermit passageof spawnersover an
increasedrangeof Pyramid Lake elevations. Increasesin PyramidLake
elevationresulting from increasedTruckeeRiver inflow may, however,
obviatesuchmeasures.

Upstreammigration is restrictedat NuinanaDam. If spawninghabitat
becomeslimiting in the lower river, the existing Numanafish laddermust be
modified or replaced.

2. Research

Continuedresearchon cui-ui populationdynamics,life history, and habitatis
necessaryto furthercharacterizelife stagerequirementsand identify water
quality limitations. Researchwill provideadditional information to improve
waterand facilities management,and to formulate measuresto enhancehabitat
quality. Researchmustinclude monitoringof cui-ui populationsize and
condition to enableresourcemanagersto evaluateeffectivenessof
conservationmeasures. Additional researchon the geneticcompositionof the
cui-ui populationshould beconductedto ensurethat waterand facilities
managementhavenot createdand do not createbottlenecksin geneflow and
therebyrestrict geneticvariability.

3. OperateCui-ui Hatchery

Informationaboutthe geneticintegrity of the cui-ui populationwill havedirect
applicationto operationof the David Koch Cui-ui Hatchery. That facility
should continue to be operatedto maintain the speciesin theeventof
catastrophiceventsin the wild, and is not intendedto be a surrogatefor the
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ecosystem.A hatcheryoperationshouldproducegeneticallydiversefish for
releaseafter substantialgrowth so that individuals are sufficiently large to
avoidpredationupon releaseto PyramidLake. Rearingof a secondcaptive
stock at anotherlocation shouldbe consideredasa back-up.

4. No Translocation

Servicepolicy statesthat “relocation or transplantationof native endangeredor
threatenedspeciesor subspeciesoutsidetheir historic rangeis contraryto the
purposeof the EndangeredSpeciesAct and will not be authorizedas a means
of alleviating .. .conflicts” (U.S. Fish and Wildlife Service1982). This policy
is rootedin the statedpurposeof the EndangeredSpeciesAct to conservethe
ecosystemsupon which endangeredand threatenedspeciesdepend. From a
managementstandpoint,it is morepracticaland appropriateto supportthe
preservationand restorationof existing naturalecosystemsthan to attemptto
re-createand maintain them artificially becauseof all their subtleand complex
interactions.

Recoverycannotbe achievedby introducingcui-ui into anotherriver-lake
system. Thereis no systemwithin the species’historical rangethat provides
spawningand rearinghabitatsimilar to that of TruckeeRiver-PyramidLake
and certainlynonethat enjoysa similar measureof regulatoryprotection:
WinnemuccaLake is dry; HoneyLake is ephemeral;and Walker Lake is
highly saline,with variableand limited Walker River inflow. Recoverycan
only be achievedwithin theTruckeeRiver-PyramidLake system.

5. UseComputerModels

The DynamicStreamSimulationand AssessmentModel (DSSAM) is a tool
being developedby the U.S. EnvironmentalProtectionAgency and Nevada
Division of EnvironmentalProtectionto determinethe efficacy of various
waterquality managementscenariosto meetwaterquality standardsin the
Truckee River. The model should be usedto developthe mosteffective
strategiesto achievewaterquality managementobjectives(seeAppendix A).

Water operations(Truckee-Carsonbasin)andbiological (cui-ui) computer
modelshavebeenusedwith a historic monthly hydrologicdatabaseto
comparethe relativeimpactsof water managementplanson lower Truckee
River flow and, indirectly, cui-ui reproduction(seeAppendix B). Becausea
comparativeapproachalonecannotdeterminewhich watermanagement
plan(s)may lead to recoveryof the species,this RecoveryPlan usesa
probabilisticpredictiveapproachwith availablecomputermodelsto identify a
set of conditionswhich, if implemented,could help to achievedelisting of cui-
ui with a high degreeof certainty. Theprobabilistic techniqueusedto define
reclassification/delistingis describedin Appendix C; an evaluationof
measuresto achievethe recommendedresultsfrom that techniqueis presented
in Appendix D. Computer-aidedtechniqueswill continueto be usedto
developand evaluatewaterand habitatmanagementplans for the eventual
recoveryof the species.
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6. Update and ReviseRecoveryPlan and Objective

The recoveryplan should be updatedas tasksarecompleted,or revisedas
conditionsin the basinchangeand as additional informationbecomes
available. Therecoveryobjectivemaychangeasthe effectivenessof
implementedconservationmeasuresareevaluated,water supply and
managementin the TruckeeRiver basinarealtered,thecui-ui information
baseis improved,and theTruckee-CarsonHydrologic andcui-ui modelsare
refined.
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II. RECOVERY

A. Objective

Cui-ui will be consideredfor reclassificationfrom endangeredto threatened
whenit is demonstratedthat:

1. The specieshasa probability of at least0.85 of persistingfor 200 years;
2. Additional annualTruckeeRiver inflow to PyramidLakeof 45,000acre-

feetor the equivalentbenefithavebeensecuredat a minimum rateof
5,000 acre-feet/year;and

3. Estimatednumbersof adult cui-ui and yearclassesofjuveniles and adults
hasbeenstableor increasingduring theprevious 15 years.

Reclassificationcould beaccomplishedwithin 11 yearsif efforts arebegunno
later than 1994.

Cui-ui will be consideredfor delisting whenit is demonstratedthat:

1. The specieshasa probability of at least0.95 of persistingfor 200 years;
2. Additional annualTruckeeRiver inflow to PyramidLake of 65,000acre-

feet or the equivalentbenefit beyondthe amountrequiredfor
reclassification(equivalentto 110,000acre-feet)hasbeensecuredat a
minimum rateof 5,000acre-feet/year;

3. Estimatednumbersof adult cui-ui and year classesof juvenilesand adults
havebeenstableor increasingduring the previous 15 years;

4. Lake and river waterquality standardshavebeenachievedduring the
previous 15 years (seeAppendix Table A-i);

5. Thelower TruckeeRiver floodplain hasbeenrehabilitated;
6. Marble Bluff Fish Facility and NumanaDam Fish Ladderhavebeen

modified to passupstreamat least300,000adult cui-ui during a spawning
run;

7. Maintenanceand operationof variouswaterstorageand fish passage
facilities for cui-ui havebeensecured;and

8. A hatcheryrefugefor broodstockhasbeenestablishedto protectagainst
catastrophicevents.

Delisting could be accomplishedwithin 24 yearsif efforts are begunno later
than 1994.

Theseobjectiveswere based,in part, on probabilisticprojectionsof future
hydrologicconditionsin the TruckeeRiver Basin and the simulatedresponse
of cui-ui. Rationalefor this objectiveand scheduleis presentedin Appendix
A and C. A discussionof the methodsto acquireequivalentbenefitsfor cui-
ui is presentedin Appendix D. A simplified diagramof the strategyfor
recoveryof cui-ui is presentedin Figure 3.
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B. Narrative Outline Plan for Recovery Actions Addressing
Threats

Cui-ui was listed asendangeredbecausehumanactivities upsetthe natural
hydrologicdynamicsof theTruckeeRiver/PyramidLake systemby extensive
storage,diversionand useof river water. Cui-ui maybe reclassifiedor
recoveredby implementinga variety of conservationmeasures;the potential
dependsupon the level to which the river/lakesystemcanbe restored. These
measuresinclude: Securingand maintaining cui-ui habitatin the lower
TruckeeRiver and PyramidLake; operatingwaterstorageand fish passage
facilities to promotespawning;and protectingthe populationfrom catastrophic
events. EachleadFederalagencyidentified in the ImplementationSchedule
will be responsiblefor implementingappropriatemeasuresfrom the following
list.

As conservationmeasuresareaccomplishedand/ornew information is gained
aboutcui-ui life history and habitat needs,progresstoward recoveryshouldbe
evaluatedthroughthe cui-ui model (Appendix B). Resultsof theseanalyses
will guide designand implementationof futureconservationmeasures. In this
way, contemplatedor ongoingconservationmeasuresmay be adjustedto
enhancebenefitsof othermeasures.

1 Secureadequatehabitatto meet recoveryobiective

Theequivalentand cumulativebenefitof 5,000acre-feet/yearmustbe
secured,beginningno later than 1994, to promoterecoveryof the species
(Appendix C). To “secure” is to ensurethe benefit of a conservationmeasure
for 200 years.

Thereare many conservationmeasuresthat could help secureadequatehabitat
for cui-ui recovery(Appendix D). For example,improvementsin watershed
management,including timing of storagereleasesand efficient wateruse,
could promoterecovery.

Fourbroad categoriesof conservationmeasuresmust be implementedto
improveand protectcui-ui spawningand rearinghabitat: Increasevolume and
improvetiming of inflow; rehabilitatethe lower river; achievewaterquality
standards;andimprove fish passagein the lower TruckeeRiver. Certain
specific measureswithin thesebroadcategorieswill provide short-term
benefits,while othermeasureswill providelong-term benefits.Somemeasures
canbe accomplishedimmediatelyand yield immediatebenefits,and others
will requirea numberof yearsfor implementationand securanceof habitat.
Immediatemeasuresincludepurchaseof TruckeeRiver waterrights (which
arelimited but which will securehabitat) and reductionof diversionsfrom the
TruckeeRiver (also limited, but may not securehabitat). Long-term
measuresincluderehabilitationof the lower TruckeeRiver floodplain and
achievementof waterquality standardsin the lower TruckeeRiver.
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1.1 Increasevolume andimprove timing of lower TruckeeRiver flows

Increasingannualand spawningflows in the lower TruckeeRiver will
increasethe likelihood of recruitmentto the cui-ui populationand
complementotherconservationmeasures.Theseconditionscould be
achievedby implementingthe TruckeeRiver OperatingAgreement
(TROA), reducingdiversionsfrom the Truckeeand Carsonrivers,
recoupmentof waterfrom the NewlandsProject,and purchaseof
TruckeeRiver waterrights.

The Secretary,in cooperationwith the statesof Nevadaand California
and other interested parties, is developing a plan (TROA) for improving
the managementof Truckee River flows. The primary componentof
TROA will be the integratedmanagementof all Federalandprivate
reservoirson the TruckeeRiver, including StampedeReservoirwhich is
presentlydedicatedsolely for the benefitof listed fishesof Pyramid
Lake. It is intendedthat this plan will increasebenefitsto cui-ui, beyond
thoseprovidedby Stampede,by increasingwateravailability through
fishery credit storageproceduresand releaseduring the spawningperiod.

Reducingdiversion of TruckeeRiver waterwill increaseavailability of
waterin the lower TruckeeRiver seasonallyaswell asannually
(Appendix D). This could be accomplishedin the NewlandsProject, in
part, by improving waterdistribution systemefficiency, reducingstorage
targetsfor LahontanReservoir(asspecifiedin OperatingCriteria and
Procedures)asProjectwaterdemanddecreases,and by reducingwater
demandon FallonNaval Air Station througha modified dust, fire, and
foreign object managementplan. Implementationof waterconservation
measuresin the Reno/Sparksareacould also decreasediversion from the
TruckeeRiver. Recoupmentof approximately1,000,000acre-feet
divertedfrom the TruckeeRiver to the NewlandsProjectfrom 1973
through 1985, purportedlyin violation of ordersfrom the Secretaryand
the U.S. District Court for theDistrict of Columbia,could providea
short-termsupply to help maintainPyramidLake elevation,improveriver
accessfor spawning,and improvespawninghabitat. Increasingirrigation
waterdistribution systemefficiency in the upperCarsonbasin (in
compliancewith the Alpine decree)could decreasediversionfrom the
TruckeeRiver by increasingCarsonRiver inflow to LahontanReservoir.

Acquisition of water rights would increaseinflow to PyramidLake and
securespawningand rearinghabitat. Only activewater rights from the
TruckeeRiver should beacquired. Place-of-useshould be transferredto
Pyramid Lakeand beneficialusechangedthroughthe NevadaState
Water Engineerfor the benefitof cui-ui. Securingcertain of those
rights, especiallythosewith thepotential for upstreamstorage,should be
given specialconsideration.

P.L. 101-618authorizesall of the precedingconservationmeasures,
exceptupperCarsonbasinefficiency measures,to benefit cul-ul.
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1. 1. 1 Develop Action Plan to increasevolume and improvetiming
of lower TruckeeRiver flows

An action plan should be developedimmediately to identify which of the
above-citedactionsmustbe implementedto achievethe benefitsof the
conservationmeasures. Selectionof thosemeasuresshould be basedon
quantificationof benefitsand likelihood of implementation. Action
agenciesshould be identified.

1.1.2 ImplementAction Plan to increasevolumeand improve
timing of lower TruckeeRiver flows

The action plan to increasevolume and improvetiming of lower Truckee
River flows mustbe implementedby 1994 to promoterecovery.
Implementationshould conform with conservationmeasuresand be based
uponbest availableinformation.

1.2 Rehabilitatelower TruckeeRiver floodplain

P.L. 101-618 directsthe Secretaryof the Army (Corpsof Engineers)to
study the rehabilitationof the lower TruckeeRiver for the benefit of
listed fishesof PyramidLake. A final reconnaissancereport to be
completedby June1992 should includerecommendationsfor improving
spawningsubstrate,nvercanopy,and delta passage.The planning
processshould continueto thefeasibility phase. An implementationplan
should be developedand funding should be sought.

1.2.1 Improve intergravelenvironment

Survival of cui-ui embryosin the intergravelenvironmentdepends
upon the free flow of well-oxygenatedwater. Factorsrestricting
this flow andcontrolling oxygen consumption,suchasperiphyton
growth and siltation, should be investigated.

1.2.1.1 Developplan to improve intergravelenvironment

A plan to improvethe intergravelenvironmentin the lower
TruckeeRiver and promotecui-ui embryosurvival should be
developed.

1.2.1.2 Implementplan to improve intergravel
environment

The plan to improvethe intergravelenvironmentin the lower
TruckeeRiver and promotecui-ui embryosurvival should be
implemented.
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1.2.2 Re-establishriparian vegetationalong the lower Truckee
River

Theriparian vegetationof the lower river, which is importantto
stabilizing theriver channeland maintaininglower water
temperatures,hasbeengreatly degradedover the last few decades.
Rehabilitationof thelower river will requirea comprehensive
understandingof the river’s dynamics. Under the directionof
P.L.101-618,theCorpsof Engineersshould seekfunding and
conductan investigation to determinethe hydraulicsof thelower
river and methodsto re-establishthe lower river canopy.

1.2.2.1 Developplan to re-establishriparian vegetation
along the lower TruckeeRiver

A plan to re-establishriparian vegetationalong the lower
TruckeeRiver shouldbe developed.

1.2.2.2 Implementplan to re-establishthe riparian
canopy

Theplan to re-establishriparian vegetationalong the lower
TruckeeRiver should be implemented.

1.2.3 Improve cui-ui passageover the delta at the mouthof the
TruckeeRiver

P.L. 101-618directsthe Secretaryof the Army to determinethe
feasibility of controlling deltagrowth and improving cui-ui access
to theTruckeeRiver. If thesegoalsare feasible,a remedialplan
should be developedand implemented.

1.2.3.1 Developplan to improvecui-ui passageover the
TruckeeRiver delta

A plan to improvecui-ui passageover the TruckeeRiver
delta should be developed.

1.2.3.2 Implementplan to improvecui-ui passageover
the TruckeeRiver delta

Theplan to improvecui-ui passageover the TruckeeRiver
delta should be implemented.
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1.3 Achievewaterc,ualitv standardsin the lower TruckeeRiver

Water quality of the lower TruckeeRiver must be improved. Water
quality problemsaredue to point and non-point sourcesfrom Lake Tahoe
to Marble Bluff Dam. Thesesourcesmust be reducedto achievewater
quality standardsas soonaspossible. Many waterpollution abatement
techniquesand procedureshavebeenidentified,but only a few havebeen
fully implemented. Correctiveactionsshould focuson reducinginputs
from thosesourcesthat are the most importantin affecting the lower
river and PyramidLake. Water quality parameterswhich could
potentially adverselyimpact cui-ui survival and recoveryinclude nutrient
loading, total dissolvedsolids (TDS), and suspendedsolids.

1.3.1 Continuenutrient study of PyramidLake

Water quality standardsfor nutrientsare frequentlyexceededin the
TruckeeRiver; this condition increasesnutrient loading to Pyramid
Lake. Knowledgeof impactsof nutrientson cui-ui rearinghabitat
is essentialto designingconservationmeasures.The ongoing
nutrient loading study of Pyramid Lake by the Universityof
California - Davis should continue.

1.3.2 Determineimpactof river TDS and suspendedsolids on
PyramidLake

A study should be conductedto determinethe long-termeffect of
TDS and suspendedsolids in theTruckeeRiver on waterquality
and biological diversity in PyramidLake.

1.3.3 DevelopTruckeeRiver waterquality model

Efforts to developand verify theTruckeeRiver waterquality
model (DynamicStreamSimulationand AssessmentModel, or
DSSAM) as partof theTruckeeRiver Strategyshould continue.

1.3.4 Achievepoint and non-point sourcedischargecompliance
with waterquality standards

Pointand non-pointsourcescontribute to degradedwaterquality in
the TruckeeRiver. Most of the point sourcesare locatedin the
TruckeeMeadowsarea. Non-point sourcesaregenerallyassociated
with agriculturalactivities in the Truckeebasin.

1.3.4.1 Ensurecompliancewith wastewaterpermit
conditions

Coordinationamongthecities of Renoand Sparks,Washoe
County, and the Stateof Nevadais requiredto meetpermit
conditions for dischargesfrom wastewatertreatmentfacilities.
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1.3.4.2 Eliminatenon-pointsourcesdetrimentalto
TruckeeRiver waterquality

Agricultural and domesticactivities along the TruckeeRiver
contributeto non-pointsourcewaterquality problems. Lands
contributingsignificantloadsof pollutantsshould be
identified. A planto eliminatethosesourcesshould be
developedand implemented.

1.3.4.2.1 Identify detrimentalnon-pointsourcesalong
the TruckeeRiver

Non-pointsourcesdetrimentalto TruckeeRiver quality
should be identified.

1.3.4.2.2 Developplan to eliminatedetrimentalnon

-

point sources

A plan to eliminatenon-point sourcesdetrimentalto
TruckeeRiver quality should be developed.

1.3.4.2.3 Implementplan to eliminatedetrimental
non-pointsources

Theplan to eliminate non-pointsourcesdetrimentalto
TruckeeRiver quality should be implemented.

1.4 Improve fish passagethroughlower TruckeeRiver fish facilities

Becauseexisting fish passagefacilities areonly marginallyeffective
in attractingand passingcui-ui upstream,studiesshould be
conductedto determinehow to improve them. The facilities should
also be modified to reducethe stressto andaccidentaldeathof cui-
ui while traversingthe system. The Servicemustevaluatethe
impactof allowable mortality. As studiesare completedand
recommendationsmade, funds should be soughtto implementthe
recommendations.Potentialbenefitsof different modification
designscanbe evaluatedthroughthe cui-ui model.

1.4.1 Improve fish passagethroughMarble Bluff Fish Facility

Marble Bluff Fish Facility providespassageoverMarble Bluff
Dam for all cui-ui spawningruns. Fish ascendingthe river are
capturedin the river trap and raised to the level of the upstream
impoundment. Thoseascendingthe PyramidLake Fishwayare
capturedand passedupstreamthroughan elevatorand chute
system. Both of thesepassageavenuesinterferewith thetiming
and numberof cui-ui reachingspawninghabitat; they have
insufficientcapacityfor attractionflows and the fishway ladders
restrictpassage.
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1.4.1.1 Developplan to improveMarble Bluff Fish
Facility

A plan to improvethe timing and increasethe numberof cui-
ui passingthrough the river trap and fishway should be
developed.

1.4.1.2 Implementplan to improveMarble Bluff Fish
Facility

Theplan to improvethetiming and increasethe numberof
cui-ui passingthrough theriver trap and fishway should be
implemented.

1.4.2 Improve cui-ui passagethroughNuinanaDam Fish Ladder

This laddercanprovidepassageto spawninghabitat upstreamof
Dead Ox Canyon. The currentdesign impairs fish passage.
Thoughthis ladderis not usedat present,upstreamspawningmay
be requiredto achievethe recoveryobjective.

1.4.2.1 Developplan to improveNumanaDam Fish
Ladder

A plan to improvecui-ui passagethrough NumanaDam Fish
Laddershould be developed.

1.4.2.2 Implementplan to improveNuinanaDam Fish
Ladder

Theplan to improvecui-ui passagethrough NumanaDam
Fish Laddershould be implemented.

2 Refinecui-ui model with new information

Refining the cui-ui model shouldbe a continuousfunction in the cui-ui
recoveryprogram. The model should beupdatedasnew informationabout
conservationmeasures,life history, hydrology, geomorphology,and other
aspectsimportantto cui-ui recoverybecomesavailable.

2.1 Collect dataon impactsof conservationmeasures

Conductstudiesnecessaryto quantify the benefitsof completed
conservationmeasures.
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2.2 Collectdatafor refinina the cui-ui model and hvdrolo2icdatabase

Thepredictivecapacityof thecui-ui model canbe enhancedby
increasingknowledgeof cui-ui and its habitatrequirements,andby
increasingknowledgeof TruckeeRiver geomorphologyand hydrology.

2.2.1 Updatehydrologicdatabase

Stochasticallycreatedwateryearscenariosusedin thecui-ui model
were basedon dataderived from 89 yearsof monitoring the
TruckeeRiver. The reliability of thesescenariosis a functionof
the length and accuracyof the hydrologicrecord. As the
hydrologicdatabaseexpands,our ability to forecastfuture water
eventsshould improve. It is alsoessentialthat projectionof future
demandson the water resourcesof the TruckeeRiver be updated
continually. Improvedhydrologicprojectionswill be usedwith the
cui-ui model to improvereliability of cui-ui populationprojections.

2.2.2 Increaseknowledgeof existing river conditions

Investigationsof geomorphologicaland hydraulic characteristicsof
the lower TruckeeRiver and theTruckeeRiver delta should be
conductedto increaseknowledgenecessaryto improveaccessto
spawninghabitat; knowledgeof substrateconditionswill be usedto
improveand maintain spawninghabitat. Information on the
conditionof and controlling factors associatedwith floodplain
vegetationin conjunctionwith waterquality is also neededto
improveand maintainspawninghabitat. A portion of this work
may beaccomplishedthroughtask 1221.

2.2.3 Increaseknowledgeof fish spawningrequirements

Thoughmuch informationaboutcui-ui spawningrequirementshas
beengainedover the last decade,additionalinformation is needed
to developand modify conservationmeasuresand to refine the
predictivecapacityof the cui-ui model.

2.2.3.1 Gatheradditional dataon the relationbetween
river dischargeand cui-ui attraction

The relationbetweenattractionflow and the timing and size
of cui-ui spawningruns must be improved. This information
is essentialto the effectiveuseof upstreamstoragefor cui-
ui.

2.2.3.2 Gatheradditional dataon the relationof river
flow and water temperature

River temperatureis critical to cui-ui eggdevelopmentand
reproductivesuccess. The relationof flow in the lower
TruckeeRiver to water temperatureis currently basedon
median monthly waterand air temperatures.To ensurethat
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releasesfrom dedicatedwaterstoragepromotescui-ui
reproduction,this relation mustbe basedon hourly data. A
model should be developedto predict watertemperatures
along the entire river; it should incorporatethe effectsof
evaporation,solar radiation, shading,wind, and air
temperature.

2.2.3.3 Refineknowledgeof cui-ui spawninghabitat

Little is known of the waterquality requirementsand
tolerancesof cui-ui while in the river. Ongoingresearchwill
help to elucidatewhich of thesefactors may be limiting the
potential for recovery.

2.2.4 Refineestimatesof cui-ui survival

Determinationof annualsurvival ratesfor all life stagesand of
factorsthat influencetheserates is essentialto the restorationof
the species. At present,survival rateestimatesfor adults arenot
preciseand only surmisedfor the otherstages. Little is known of
factors(densitydependentand independent,intraspecificand
interspecificcompetition,predation,and waterquality) that
influencethesesurvival rates. Researchshould beconductedto
acquireinformation to determinetheserates.

2.2.5 Describecui-ui genoine

Recentelectrophoreticanalysisindicatesthat individual cui-ui may
havelittle geneticvariability. A study to determineif a genetic
bottleneckhasoccurredshould be conductedassoonaspossible.
Resultsof this study will be usedin performingtasks 226, 4221,
and 511.

2.2.6Determineimpactof spawningfrequencyon cui-ui genoine

Becauseof restrictedaccessto river spawninghabitat, currentcui-
ui spawningrun size and frequencyareprobablymuch smaller than
historic levels. A study should be conductedto determineif
responseto currentspawningconditionshaschangedor is likely to
changethe speciesgenome.

2.2.7Refineknowledgeof cui-ui rearinghabitat

Little is known of the lake habitatrequirementsand tolerancesof
cui-ui, quality of existing lake habitat, food preferencesand
availability, spatial and temporaldistribution,and carryingcapacity
of the lake for eachlife stage. Ongoing researchwill help to
elucidatewhich of thesefactorsmay be limiting the potential for
recovery.
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3 Usecui-ui model to predictbenefitsof conservationmeasures

As new informationaboutconservationmeasures,life history and hydrology is
obtainedto refine thecui-ui model (task2), thecui-ui model should beused
with the stochastichydrology databaseand the hydrologicmodel to predict
the benefitsattributedto implementedand proposedconservationmeasures.

3.1 Predictbenefitsof implementedconservationmeasures

Thecui-ui model should be usedto predictthe benefitsof implemented
conservationmeasuresrelativeto the recoveryobjective.

3.2 Establishpriorities for proposedconservationmeasures

Thecui-ui model should be usedto updateand revisetheplan objective
and tasksbasedupon changingconditionsin the basin.

4 Managecui-ui spawningruns

Becausehumanswill alwaysbe neededto control variousaspectsof the cui-
ui ecosystem,fundsmustbe providedfor maintainingand operatingvarious
waterstorageand fish passagefacilities and for monitoring the sizeof the cui-
ui populationand spawningruns.

4.1 Operateand maintaindedicatedstoragereservoirs

Storagefacilities must be maintainedto provideintendedbenefitswhen
scheduled. Plans for releasingwater from upstreamstorageto
supplementlower TruckeeRiver flows for cui-ui spawningrunsmust be
developedeachyear. Theseplansmustbe consistentwith all relevant
river and reservoiroperatingagreements,flood control criteria, safety
standards,and courtdecrees.

4.1.1 Maintain dedicatedstoragereservoirs

StampedeReservoiris the only facility currently dedicatedto store
water for thebenefit of cui-ui spawning. Other storagefacilities
maybecomeavailablethroughimplementationof TROA.
Stampedeand otherFederalstoragefacilities will continueto be
maintainedby Reclamation.

4.1.2 Operatededicatedstoragereservoirsto promotecui-ui
spawning

Storagereservoirsdedicatedfor cui-ui arecurrently operatedby the
FederalWaterMaster in consultationwith the Service. Future
schedulingand operationactivities for reservoirsstoring water
dedicatedfor cui-ui spawningwill be identified in TROA.
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4.1.2.1 Developannualplan for releaseof water for
spawningrun

An annualoperatingplan for the releaseof Stampedeand
otherdedicatedstoragewater to promotecui-ui spawning
should be developedby the Servicein consultationwith
Reclamation,the Tribe andFederalWaterMaster (or TROA
waterinaster).

4.1.2.2 Implementannualplan for releaseof water for
spawningrun

The plan will be implementedby the FederalWaterMaster
(or TROA waterinaster).

4.2 Operateand maintain lower TruckeeRiver fish passagefacilities

Marble Bluff FishFacility (river trap and fishway) and NuinanaDam
Fish Ladderwill continueto be requiredfor upstreampassageof cui-ui
spawners. Thesefacilities must continueto be maintainedwith operation
coordinatedto promotepassageof cui-ui spawners.

4.2.1 Maintain lower TruckeeRiver fish passagefacilities

Marble Bluff Fish Facility and NuinanaDam Fish Laddermustbe

maintainedto provide fish passagewhenrequired.

4.2.2 Operatelower TruckeeRiver fish passagefacilities

An annualoperatingplan will insure that operationsof Marble
Bluff Fish Facility and NuinanaDam Fish Ladderarecoordinated
and passageof cui-ui spawnersis promoted.

4.2.2.1 Developannualoperatingplan for spawningrun

An annualoperatingplan should be developedby the Service
to coordinateoperationsof Marble Bluff Fish Facility and
NuinanaDam Fish Ladder for passageof cui-ui spawners.

4.2.2.2 Implementannualoperatingplan for spawning
run

An annualoperatingplan shouldbe implementedby the
Serviceto coordinateoperationsof Marble Bluff Fish Facility
and NuinanaDam Fish Ladder for passageof cui-ui
spawners.

4.3 Monitor cui-ui population

A monitoring programwill provideessentialinformation for evaluating
conservationmeasures,managementactions,and statusof the species.
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4.3.1 Conductannualmonitoring program

An annualmonitoring programshould be establishedto estimate
sizeof the prespawningaggregate,numberof spawnerswhich
migrateup-and downriver, and recruitmentto thepopulation.

4.3.2Conductmonitoring programevery five years

A detailedstudy should be conductedevery five years to estimate

sizeof thecui-ui populationin the lake.

5 Protectcui-ui population

The effectivenessof conservationmeasuresand managementactivities will
diminish if the populationand its environmentis not protected. Various
protectivemeasuresmust be implemented.

5.1 Operatecui-ui hatchery

TheDavid Koch Cui-ui Hatcheryshould beoperatedand maintainedasa
refugefor the species. Extendedrearing should be institutedto ensure
survival of hatchery-rearedcui-ui releasedto the lake.

5.1.1 Maintain rotating broodstock

Thehatcheryshould maintaina rotating broodstock that reflects
the geneticcharacteristicsof the wild population. This broodstock
will providea back-uppopulationin casea catastrophiceventwere
to decimatethe wild population. Research(identifiedin task225)
is requiredto determinehow to selecttheseindividuals and how
many individuals should be spawned. Holding capacitywithin the
hatcherymayneedto be expandedto maintain theseindividuals.

5.1.2 Evaluateeffectivenessof hatcheryoperation

The survival of cui-ui rearedin thehatcheryfor extendedperiods
and releasedto PyramidLakeshould be determined. A procedure
to mark/taghatchery-rearedcui-ui should be implemented.
Information on the effectivenessof the hatcheryoperationto
produceviable and geneticallydiversecui-ui will be gatheredand
analyzedin conjunctionwith task4.3.

5.2 Conducttoxic spill risk assessmentfor theTruckeeRiver

PyramidLake is highly susceptibleto toxic substancescarried by the
TruckeeRiver. Potentialtoxicant sourcesor catastrophiceventsshould
be identified anda spill preventionand reinediationplan shouldbe
developedand implemented.

34



5.2.1 Identify potential sourcesof toxic spill

Potentialsourcesof toxic spill to theTruckeeRiver should be

identified.

5.2.2 Developa spill preventionand reinediationplan for the

TruckeeRiver

A spill preventionand remediationplan should be developedfor

the TruckeeRiver

5.2.3 Implementthe spill preventionand reinediationplan for the

TruckeeRiver

The spill preventionand reinediationplan for the TruckeeRiver
should be implemented.
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HI. IMPLEMENTATION SCHEDULE

The tablethat follows is a summaryof scheduledactionsand costsfor this
recoveryprogram. It is a guide to meet the objectivesof the Cui-ui Recovery
Plan. This tableindicatesthe priority in schedulingtasksto meet the
objectives,which agenciesare responsibleto perform thesetasks,a time-
table for accomplishingthesetasks, and theestimatedcoststo performthem.
ImplementingPart III is theaction of this plan, that whenaccomplished,will
satisfy the recoveryobjective. Initiation of theseactionsis subjectto the
availability of funds.

Priorities in Column 1 of the following implementationscheduleareassigned
asfollows:

Priority 1 - An action that must be takento preventextinctionor to
preventthe speciesfrom declining irreversibly.

Priority 2 - An action that mustbe takento preventa significantdecline
in speciespopulation/habitatquality or someothersignificantnegative
impactshort of extinction.

Priority 3 - All otheractionsnecessaryto providefor full recoveryof the
species.
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Recovery Plan !n~lementation Schedule for Cui-ui

Priority Task Task Total Cost Estimates (Si ,O00)
U U Duration Cost FY 1992 FT 1993 FT 1994 FT 1995 FY 1996 Coamients

CYRS)

1 111 2 50 15 35 ** ** **

1 1221

1 1222

N.)

1 1231

1 1232

1 21

1 225

1 226

1 411

Task
Description

Develop Action Plan
for lower Truckee
River flows

1112 In~lement Action Plan
for Lower Truckee
River flows

Develop plan to
re-establish
riparian vegetation

1n~,lement plan to
re-establish
riparian vegetation

Develop plan to
inprove fish passage
over the delta

In~lement plan to
in~,rove fish passage
over the delta

Collect data on
iq~acts of
conservation measures

Describe genome

Determine inpact of
spawning frequency
on genome

Maintain dedicated
storage reservoirs

Responsible
Party

DO! *

NV
CA
PLT

cont. DOI*
NV
CA
PLT

2 COE

8 COE

2 COE

8 COE

cont. FWS-FWE

1 FWS-FR

3 FWS-FR

ongoing BR

**

**

**

**

**

1,610

10

30

3,000

** ** ** **

** **

** ** **

** **

** ** **

0 0 70 70 70

10 0 0 0 0

0 10 10 10 0

120 120 120 120 120



Recovery Plan laplementation Schedule for Cui-ui

Priority Task Task Task Responsible Total Cost Estimates ($1,000)
U U Description Duration Party Cost FT 1992 FT 1993 FT 1994 FT 1995 FT 1996 Coimients

(YRS)

3 522 Develop spill prevention 1
and remediation plan

3 523 Inplement spill prevention 1
and remediation plan

NEED 5

NDEP*
FUS- FUE

NDEP*
FWS-FWE

30
30

50
50

690

0 30 0 0 0
0 30 0 0 0

O 0 50 0 0

0 0 50 0 0

0 200 110 10 ¶0

Totals 13,959 682 898 973

Continual = Task will be inplemented on an annual basis once it is begun.
Ongoing = Task is currently being isplemented and wilt continue until action is no longer necessary for recovery.
Unknown = Inplefflentation of task and associated cost cannot be determined with certainty.
* = Lead Agency
** = Actions authorized by P.1.101-618, but funding for task development and inplementation unknown at this time

= Tasks 224 and 227 are incorporated with Task 2231
= Task 512 is incorporated with Tasks 431 and 432

Total Cost = Projected cost of task from start to task coopletion.
N.B.: Totals do not reflect costs associated with P.L.101-618.

Responsible Parties: DO! = Department of the Interior, primarily FWS, BR, and GS
BR = Bureau of Reclamation
GS = Geological Survey
COE = Army Corps of Engineers
NV = State of Nevada

NDEP = Division of Envirorwnental Protection
CA = State of California
PLT = Pyramid Lake Paiute Indian Tribe

= FederaL Water Master
UC = Responsible water resource agency in Washos County
FWS = Fish and Wildlife Service

FWE = Division of Fish and Wildlife Enhancement, Region 1
FR = Division of Fishery Resources, Region 1
NFRS = National Fishery Research, Seattle, Region 8
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Recovery Plan Implementation Schedule for Cui-ui

Priority Task Task Task Responsible Total Cost Estimates ($1,000)
Description Duration Party Cost FY 1992 FT 1993 FT 1994 FY 1995 FT 1996 Cooments

(YR 5)

1 4121 Develop annual plan for
release of water
for spawning run

ongoing FWS~FWE*
BR
PLT
FWM

ongoing FWM1 4122 Implement annual plan for
release of water
for spawning run

1 421 Maintain lower Truckee
River fish passage
faci Lities

1 4221 Develop annual operating ongoing
plan for spawning run

1 4222 Implement annual operating ongoing
plan for spawning run

2 1211 DeveLop plan to improve
intergravel environment

2 1212 Implement plan to improve 3
intergravel environment

2 131 Continue nutrient 3
study of
Pyramid Lake

2 132 Determine impact of 5
river TDS

2 133 Develop Truckee River
water quality model

2 1341 Ensure compliance with
wastewater permit
conditions

2 13421 Identify detrimental unk.
non-point sources

ongoing FWS-FR

75 3 3 3 3 3

125 5 5 5 5 5

2,000

FWS-FR

80 80 80 80 80

29 5 1 1 1 1

FWS-FR 1 ,DOO

COE

40 40 40 40 40

30 0 0 30 0 0

COE 170 0 0 0 70 50

450 150 150 150 0 0PLT*
EPA

GS*
FWS-NFRS

ongoing NDEP*
EPA

ongoing NDEP

500 0 0 100 100 100

unk.

unk.

WC unk.



Recovery Plan Implementation Schedule for Cui-ui

Priority Task Task
Description

Task Responsible
Duration Party

Total
Cost FY 1992

Cost Estimates ($1,000)
FT 1993 FT 1994 FT 1995 FT 1996 Coflinents

(YRS)

2 13422 Develop plan to
eliminate detrimental
non-point sources

2 13423 Implement plan to
eliminate detrimental
non-point sources

2 1411 Develop plan to improve unk.
Marble Bluff Fish Facility

2 1412 Implement plan to improve unk.
Marble Bluff Fish Facility

unk. WC

unk. WC

2 1421 Design plan to improve
Numana Dam Fish Ladder

unk. FWS~FR*
COE

1422 Implement plan to improve unk.
Numana Dam Fish Ladder

FWS- FR*
C0E

1,200 165 185 28D 170 150

221 Update hydrologic
data base

2 222 Increase knowledge of
existing river conditions

ongoing GS

unk. COE*
FWS- FWE

** ** ** ** ** **

unk.

2 2231 Study relation between
river discharge and
cui-ui attraction

6 FWS-NFRS 900 150 150 150 150 150

2 2232 Study relation of river 6
flow and water temperature

CS ** ** ** ** **

2 2233 Refine knowledge of
cui-ui spawning habitat

6 FWS-NFRS

unk.

unk.

~.. 2

FWS-FR*
COE

FWS-FR*
COE

unk.

unk.

unk.

NEED 1

unk.

*** ***
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Priority Total Cost Estimates ($1,000)
U Cost FY 1992 FY 1993 FY 1994 FY 1995 FY 1996 Coawnents

(YRS)

Plan lirplementation Schedule for Cui-ui

Task Task Responsible
Description Duration Party

2 224 Refine estimates of
cui-ui survival

2 227 Refine knowledge of
cui-ui rearing habitat

NEED 2

2 31 Evaluate benefits of
inplemented conservation
measures

2 32 Establish priorities
for proposed
conservation measures

NEED 3

2 431 Conduct annual
monitoring program

2 432 Conduct five-year
monitoring program

NEED 4

2 511 Maintain rotating
brood stock

6

6

FWS-NFRS

FWS-NFRS

ongoing BR*
FWS- FWE

ongoing BR*
FWS-FWE

ongoing FWS-FH

cont. FWS-FH

*** *** *** *** *** ***

*** *** *** *** *** ***

2,550

1,060
580

75
25

1,740

800

750

7,779

ongoing PIT

160 160 230 230 220

40 40 40 40 40
20 20 20 20 20

3 3 3 3 3
1 1 1 1 1

64 64 64 64 64

40 40 40 40 0

0 0 0 0 150

293 289 289 289 399

490 0 100 10 10 10

2 512 Evaluate effectiveness
of hatchery operation

3 521 Identify potential
sources of toxic spill

cont. FWS-FM

NDEP*
FWS-FWE

**** **** **** **** **** ****

20 0 20 0 0 0
20 0 20 0 0 0

Recovery

Task
U

U,



IV. APPENDICES

A. Truckee River and Pyramid Lake Water Quality

B. Cui-ui Model

C. Probabilistic Cui-ui Response

D. Evaluation of Measuresto SecureWater for Cui-ui

E. Individuals Contacted During Technical/AgencyReview
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APPENDIX A:

LOWER TRUCKEE RIVER BASIN WATER QUALITY

INTRODUCTION

Reductionof lower TruckeeRiver flows resultingprimarily from diversionsof
river water to agricultural interestswas the major causeof thedeclineof the
cui-ui populationand eventuallisting of the speciesas federallyendangered.
Such reductionshistorically were of suchmagnitudeto precludeconsideration
of othercausalfactorsin the speciesdecline. Recentemphasison recoveryof
thespecieshasled to allocationof StampedeReservoirstorageto promoteand
enhancecui-ui (primarily) spawningand recruitment. Such benefitsareoffset,
however,by urbanizationin the basin (particularly TruckeeMeadows,the
Reno-Sparksarea)which hasdrawn increasingattentionto waterquality
conditionsin the river downstreamfrom point—sourcedischargesand to
previouslyunregulatednonpoint—sourcedischarges.The following presentation
summarizescurrentdatafor pertinentwaterquality parametersand data
collection programsfor the lower TruckeeRiver andPyramidLake which may
impact cui—ui, with specific implications for the species’eventualrecovery.

TRUCKEE RIVER WATER QUALITY

Water quality parameterspotentially influencing cui—ui successand larvae
survival include,but may not be limited to, temperature,nutrients(nitrogen
and phosphorus),total suspendedsolids (siltation) and intergraveldissolved
oxygen(DO). Possiblythe most importantfactor controlling waterquality in
the lower TruckeeRiver during thecui—ui spawningrun, April throughJune,
is the largevolumeof water(=1000 cfs) necessaryto maintainacceptable
water temperature. Such flows, underaverageair temperature,would produce
an averagedaily maximumwater temperatureof 170 C at Nixon, provide
sufficient spawningarea,and allow for adult and larvaeoutmigration
(Buchanan1987). Dueto thehigh dilution factor,point source,as well as
non—point source,pollutantsgenerallyremain at acceptablylow concentrations
and waterquality standardsareachieved. In addition, factorsthat control
biostiinulationsuchas light, temperatureand scouringare sub—optimalfor
periphytonproductionandthus theireffects on DO and pH areminimal.
Water quality standardsfor the lower TruckeeRiver (1991)arepresentedin
Table A—l.

IntergravelDissolved Oxygen— Scoppettoneet al. (1983)showedthat adult
cui-ui spawnover predominantlygravelsubstrateand bury their eggsasdeep
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TABLE A-i: Current water quality standards for lower Truckee River and Pyramid Lake as set by
Environmental Protection Agency.

445.1302 “SAR” defined. “SAR” means sodium adsorption ratio.
(Added to NAC by Environmental Comm’n, eff. 6-29-84)

445.1304 “S.V.” defined. “S.V.” means single value.
(Added to NAG by Environmental Comm’n, eff. 6-29-84)

445.1306 “a” defined. “>“ means greater than or equal to.
(Added to NAG by Environmental Comm’n, eff. 6-29-84)

445.1308 “=‘ defined. “=“ means less than or equal to.
(Added to NAG by Environmental Comrn’n, eff. 6-29-84)

445.1337 Cooperation regarding Colorado River; salinity standards.
1. The State of Nevada will cooperate with the other Colorado River Basin states and the Federal

Government to support and carry out the conclusions and recommendations adopted April 27, 1972, by the
reconvened 7th session of the conference in the matter of pollution of interstate waters of the Colorado
River and its tributaries.

2. Pursuant to subsection 1, the values for total dissolved solids in mg/i at the three lower main
stem stations of the Colorado River are as follows:

Below Hoover Dam 723
Below Parker Dam 747
Imperial Dam 879

[Environmental Comm’n, Water Pollution Control Reg. Appendix B, eff. 5-2-78]--(NAC A 12-3-84)

A-2
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Table A-l(Cont.)

c. Based on the minimum of not less than 5 samples taken over a 30-day period, the fecal coliform bacterial
level may not exceed a geometric mean of 200 per 100 ml nor may more than 10 percent of the total
samples taken during any 30-day period exceed 400 per 100 ml.

d. Increase in color must not be more than 10 PCU above natural conditions.

[Environmental Comm’n, Water Pollution Control Reg. part § 4.2.5, Table
42.1, eff. 5—2—78; A 1—25—79; 8—28—79; 1—25—80; 12—3—80]——(NACA 10—25—84)

A-16
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Table A-l(Cont.)

445.1339 Standards for toxic materials applicable to designated waters. Except as otherwise provided
in this section, the following standards for toxic materials are applicable to the waters specified in NAC
445.121 to 445.125, inclusive, and NAG 445.134 to 445.1385, inclusive. If the standards are exceeded at a
site and are not economically controllable, the commission will review and adjust the standards for the
site.

Chemical

Antimony
Arsenic
Arsenic (III)

1-hour average
96-hour average

Barium
Beryllium

hardness <75 mg/i
hardness > = 75mg/l

Boron
Cadmium

i-hour average
96-hour average

Chromium (total)
Chromium (VI)

1-hour average
96-hour average

Municipal or
Domestic Supply

(pg/i)
l46~
s

0b

Aquatic Life
(pg/i)

Irrigation
(pg/ 1)

Watering of
Livestock

(pg/i)

looc

36 oa
i90~

Oa looc

ss oe 750~
5 0d

exp{l.128 in(H)~3.8281a
exp{0.7852 ln(H)~3.490)a

s 0b

l6~
ll~
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Table A-i (Cont.)

Chemical

Chromium (III)
i-hour average
96-hour average

Copper
i-hour average
96-hour average

Cyanide
1-hour average
96-hour average

Fluoride
Iron
Lead

i-hour average
96-hour average

Manganese
Mercury

1-hour average
96-hour average

Molybdenum
Nickel

i-hour average
96-hour average

Se len ium
1-hour average
96-hour average

Municipal or
Domestic Supply Aquatic Life

(jig/i) (jig/i)

exp(0.8190 ln(H)+3.688)2
exp(0.8190 ln(H)+l.561)2

Irrigation
(jig/i)

Watering of
Livestock

(jig/i)

exp{0.9422 ln(H)-l.464)2
exp(0.8545 ln(H)-l.465)2

200~
22 a

5 . 22

i , oooa

exp{l.273 ln(H)-l.46012
exp(l.273 ln(H)-4.70512

2 ,

5 ,

5 ,

2.42
0.0122
l9~

13.42
exp{0.8460 ln(H)+3.3612}2
exp{0.8460 ln(H)+i.1645)2

20~
5 .

2
0d

A-4



Table A-i (Cont.)

Chemical

Silver
Sulfide

undissociated hydrogen
sulfide

Thallium
Zinc

1-hour average
96-hour average

Acrolein
Aidrin
Chlordane

24-hour average
2,4-D
DDT & metabolites

24-hour average
Demeton
Dieidrin

24-hour average
Endosulfan

24-hour average
Endrin

24-hour average
Cuthion
Heptachior

24-hour average

Municipal or
Domestic Supply Aquatic Life

(jig/i) (jig/l)
exp(l.72 ln(H)-6.52)2

Irr igat ion
(jig/l)

Watering of
Livestock

(jig/l)

22

132

3202

02

02

1002,b
02

02

752

2 ,

exp(0 .8473
exp(0. 8473

ln(H)+0.8604)2
ln(H)+0.7614)2

32

2.42

0.00432

1.12

0.00102
0.12

2 . 52

0.00192
0. 222

0.0562
0. 182

0.00232
0 . 012

0. 522

0.00382
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Table A-i (Cont.)

Chemical

Lindane
24-hour average

Malathion
Methoxychior
Mirex
Parathion

i-hour average
96-hour average

Silvex
(2,4,5-TP)

Toxaphene
i-hour average
96-hour average

Benzene
Monochlorobenzene
m- dichlorobenzene
0- dichlorobenzene
p - dichlorobenzene
Ethyibenzene
Nitrobenzene
1,2 - dichioroethane
1,1, 1- trichioroethane (TCA)
Bis (2-chloroisopropyi) ether
Chloroe thylene

(vinyl chloride)

Municipal or
Domestic Supply Aquatic Life

(jig/i) (jig/l)
2.02

0. 0802

0.12

0.032

0. 001202

Irr igat ion
(jig/i)

Watering of
Livestock

(jig/i)

0.0652
0.0132

5h

5b

0. 732

0. 00022

4882
4002

4002

~
1,4002
19 , 8002
5b

20 0b

34. 72
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Table A-i (Cont.)

Chemical

1, 1-dichioroethylene
Trichioroethylene (TCE)
Hexachiorocyc lopentadiene
I sophorone
Trihalomethanes (total)~
Tetrachioromethane

(carbon tetrachioride)
Phenol
2 ,4-dichlorophenol
Pentachioropheno 1

1-hour average
96-hour average

Dinitrophenois
4,6 -dinitro- 2 -methyiphenol
Dibutyl phthalate
Diethyl phthalate
Dimethyl phthalate
Di-2-ethyihexyl phthalate
Polychiorinated biphenyis

(PCBs)
24-hour average

Fluoranthene
(polynuclear aromatic hydrocarbon)

Dichioropropenes
Toluene

Municipal or
Domestic Supply Aquatic Life

(jig/i) (jig/i)

2062
5 ,200~
1000

5b

3 ,500~
3 ,090~
i,olOa

702

13.42

34, 0002
350,0002
313,0002
15,0002

02

422

Irrigation
(jig/i)

Watering of
Livestock

(jig/i)

exp(1.005 (pH)-4.830)
2

exp(l.005 (pH)-5.290)2

0.0142

872

14, 3002
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Table A-i (Cont.)

Footnotes and References
(1) Single concentration limits and 24-hour average concentration limits must not be

exceeded. One-hour average and 96-hour average concentration limits may be
exceeded only once every 3 years. See reference a.

(2) Hardness (H) is expressed as mg/i CaCO3.
(3) If a criteria is less than the detection limit of a method that is acceptable to the

division, laboratory results which show that the substance was not detected will be
deemed to show compliance with the standard unless other information indicates
that the substance may be present.

(4) If a standard does not exist for each designated beneficial use, a person who plans to

discharge waste must demonstsrate that no adverse effect will occur to a designated
beneficial use. If the discharge of a substance will lower the quality of the water a
person who plans to discharge waste must meet the requirements of NRS 445.253.

a. U.S. Environmental Protection Agency, Pub. No. EPA 440/5-86-001, Quality
Criteria for Water (Cold Book)(1986).

b. Federal Maximum Contaminant Level (MCL), 40 C.F.R. §§ 141.11, 141.12, 141.61
and 141.62 (1988).

c. U.S. Environmental Protection Agency, Pub. No. EPA 440/9-76-023, Quality
Criteria for Water (Red Book)(1976).

d. National Academy of Sciences, Water Quality Criteria (Blue Book)(1972).
e. California State Water Resources Control Board, Regulation of Agricultural

Drainage to the San Joaquin River: Appendix D, Water QualityCriteria (March
1988 revision).

f. The criteria for trihalomethanes (total) is the sum of the concentrations of
bromodichloromethane, dibromochloromethane, tribromomethane (bromoform)
and trichloromethane (chloroform). See reference b.
(Added to NAC by Environmental Comm’n, eff. 9-13-85; A 9-25-90

)
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Table A-i (Cont.)

445.134 Control points: Prescription and applicability of numerical standards for water quality;

designation of beneficial uses.
1. Control points are locations where water quality criteria are specified. Criteria so specified apply

to all surface waters of Nevada in the watershed upstream from the control point or to the next upstream
control point or to the next water named in NAC 445.121.

2. If there are no control points downstream from a particular control point, the criteria for that
control point also apply to all surface waters of Nevada in the watershed downstream of the control point or
to the next water named in NAC 445.121.

3. Each standard is set to protect the beneficial use which is most sensitive with respect to that

particular standard.
4. NAC 445.1341 to 445.1385, inclusive, prescribe numerical standards for water quality and designate

beneficial uses at particular control points.
[Environmental Comm’n, Water Pollution Control Reg. § 4.2.5, eff. 5-2-78; A 1-25-79; 8-28-79; 1-25-80;

12-3-80]--(NAC A 11-22-82; 9-25-90)

445.13405 Beneficial uses for Carson River. The standards for water quality for the Carson River from

Lahontan Dam to the state line are prescribed in NAC 445.1341 to 445.13422, inclusive. The beneficial uses
for this area are:

1. Irrigation;

2. Watering of livestock;
3. Recreation involving contact with the water;
4. Recreation not involving contact with water;

5. Industrial supply;

6. Municipal or domestic supply, or both;
7. Propagation of wildlife; and
8. Propagation of aquatic life, more specifically, the species of major concern are:
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Table A-l(Gont.)

(a) West Fork at the state line, rainbow trout and brown trout.
(b) Bryant Creek, rainbow trout and brown trout.
(c) East Fork Carson at the state line, rainbow trout and brown trout.
(d) From the East Fork Carson at the state line to near Highway 395 south of Cardnerville, rainbow trout

and brown trout.
(e) From the East Fork Carson near Highway 395 south of Cardnerville to Muller Lane, rainbow trout and

brown trout.
(f) From the Carson River at Genoa Lane to the East Fork Carson at Muller Lane and to the West Fork Carson

at the state line, catfish, rainbow trout and brown trout.

Total Dissolved Solids - mg/i

Annual Average not more than 125.0
Single Value not more than 165.0

Color - Color must not exceed that characteristic of natural conditions by more
than 10 units on the Platinum-Cobalt Scale.

Turbidity - Turbidity must not exceed that characteristic of natural conditions
by more than 10 Jackson Units.

Fecal Coliform - The more stringent of the following apply:

The fecal coliform concentration must not exceed a geometric mean of
1000 per 100 milliliters nor may more than 20 percent of total samples
exceed 2400 per 100 milliliters.
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Table A-l(Cont.)

The annual geometric mean of fecal coliform concentration must not
exceed that characteristic of natural conditions by more than 200 per 100
milliliters nor may the number of fecal coliform in a single sample exceed
that characteristic of natural conditions by more than 400 per 100
milliliters.

[Environmental Gomm’n, Water Pollution Control Reg. part § 4.2.5, Table
38, eff. 5-2-78; A 1-25-79; 8-28-79; 1-25-80; 12-3-80]

445.134625 Beneficial uses for Truckee River from Pyramid Lake to the state line.
The water quality standards for the Truckee River from Pyramid Lake to the state line are prescribed in
NAG 445.13463 to 445.13471, inclusive.

The beneficial uses for this area are:
1. Irrigation;

2. Watering of livestock;
3. Recreation involving contact with the water;
4. Recreation not involving contact with water;
5. Industrial supply;
6. Municipal or domestic supply, or both;
7. Propagation of wildlife; and
8. Propagation of aquatic life. The species of major concern are:
(a) At the state line, mountain whitefish, rainbow trout and brown trout.
(b) From the state line to Idlewild, mountain whitefish, rainbow trout and brown trout.
(c) From Idlewild to East McGarran, rainbow trout and brown trout.
(d) From East McGarran to Lockwood, brown trout.
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Table A-l(Cont.)

(e) From Lockwood to Derby, brown trout. However, the species which are sensitive to
temperature are expected to seek a cooler habitat during July and August and may migrate out of the reach.

(f) From Derby to Wadsworth, early spawning Lahontan cutthroat trout and their migration during
the late spring or early summer depending on hydrological conditions.

(g) From Wadsworth to Pyramid Lake, early spawning Lahontan cutthroat trout and their migration
during the late spring or early summer depending on hydrological conditions, and cui-ui and their spawning
and incubation from May through June 15, and their migration through July.

(Added to NAG by Environmental Gomm’n, eff. 10-25-84; A 9-25-90)
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Table A-l(Gont.)

445.13468 Truclcee River at Derby Dam.

STANDARDSOF WATERQUALITY
Truckee River

Control Point at
point.

Derby Dam. The limits in this table apply from Derby Dam to the Lockwood Bridge control

REQUIREMENTS

PARAMETER
TO MAINTAIN
EXISTING HIGHER
QUALITY

WATER QUALITY
STANDARDS FOR
BENEFICIAL USES

BENEFICIAL
USES

Temperature 0C - Nov.-Mar. : =130C Aquatic lifeb and water contact recreation.
Maximum Apr.: =210G

May: =220C
ATa AT = 00C AT =20C

pH Units - S.V. : 7.0 - 8.3 Water contact recreationb, wildlife propaga
ApH: ±0.5Max tionb, aquatic life, irrigation, stock watering,

municipal or domestic supply and industrial
supply.

Dissolved S.V. : Aquatic lifeb, water contact recreation, wild
Oxygen - mg/l Nov. -Mar.: =6.0 life propagation: stock watering, municipal

Apr. -Oct.: =5.0 or domestic supply and noncontact recreation.
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Table A-1(Gont.)

PARAMETER

REQUIREMENTS
TO MAINTAIN
EXISTING HIGHER
QUALITY

WATER QUALITY
STANDARDS FOR
BENEFICIAL USES

BENEFICIAL
USES

Chlorides - mg/i A-Avg. : =21.0
S.V.: =30.0 S.V.: =250

Municipal or domestic supplyb, wildlife prop
agation, irrigation and stock watering.

Total Phosphates
(as P) - mg/i

- A-Avg.: =0.05 Aquatic lifeb, water contact recreationb,
municipal or domestic supply and noncontact
recreation.

Nitrogen Species
(N) - mg/i

- TN A-Avg.: =0.75
TN S.V.: <1 2
Nitrate S V ~<2 0
Nitrite S.V. :=.04
Amonia S.V.: =.02

(un- ionized)

A

Aquatic lifeb, water contact recreation

municipal or domestic supply and noncontact

recreation.

Total Dissolved
Solids - mg/i

A-Avg.: =215.0
S.V. : =265.0

A-Avg.: =500 Municipal or domestic supplyb, irrigation
and stock watering.

Turbidity - NTU A-Avg.: =8.0
S V <10

Aquatic lifeb and municipal or domestic
supply.

Color - PCU d S.V.: =75 Municipal or domestic supply.
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PARAMETER

REQUIREMENTS
TO MAINTAIN
EXISTING HIGHER
QUALITY

WATERQUALITY
STANDARDSFOR
BENEFICIAL USES

BENEFICIAL
USES

Alkalinity
(as GaCO3) - mg/i -

less than 25%
change from nar
ural conditions

Aquatic lifeb and wildlife propagation.

Fecal Coliform -
No./l0O ml

A.C.M. =80.0

<200/400C
Water contact recreationb, noncontact rec

reation, municipal or domesticsupply,irriga
tion, wildlife propagation and stock watering.

Suspended
Solids - mg/i

A-Avg. : =24.0
S.V.: =40.0 S.V.: =50

Aquatic lifeb.

Sulfate - mg/i A-Avg.: =39.0
S.V. : =46.0 S.V. : =250

Municipal or domestic supplyb.

Sodium - SAR A-Avg.: =1.5
S.V.: =2.0

A-Avg.: =8 Irrigationb and municipal or domestic
supply.

a. Maximum allowable increase in temperature above water temperature at the boundary of an approved mixing
zone, but the increase must not cause a violation of the single value standard.

b. The mosts restrictive beneficial use.
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445.13467 Truckee River at Wadsworth Gage.

STANDARDSOF WATERQUALITY
Truckee River

Control Point at Wadsworth Gage.
Derby Dam.

The limits in this table apply from the Wadsworth Gage control point to

PARAMETER

REQUIREMENTS
TO MAINTAIN
EXISTING HIGHER
QUALITY

WATERQUALITY
STANDARDSFOR
BENEFICIAL USES

BENEFICIAL
USES

Temperature
Maximum

ATa

0C.

AT 00C

Nov.-Mar.: =130C0
Apr. -June: =140C

July: =260C
AT =20C

Aquatic lifeb and water contact recreation.

pH Units - S.V. : 7.0 - 8.3
ApH: ±0.5 Max

Water contact recreationb, wildlife propaga
tionb,aquatic life, irrigation, stock watering,
municipal or domestic supply and industrial
supply.

Dissolved
Oxygen - mg/l

S .V.:
Nov.-June >6 0
July-Oct.: =5.0

Aquatic lifeb, water contact recreation wild-
life propagation, stock watering, municipal
or domestic supply and noncontact recreation.
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Table A-l(Cont.)

PARAMETER

REQUIREMENTS
TO MAINTAIN
EXISTING HIGHER
QUALITY

WATERQUALITY
STANDARDSFOR
BENEFICIAL USES

BENEFICIAL
USES

Chlorides - mg/l A-Avg. : =20.0
S.V. : =28.0 S.V. : =250

Municipal or domestic supplyb, wildlife prop
agation, irrigation and stock watering.

Total Phosphates
(as P) - mg/l

- A-Avg.: =0.05 Aquatic lifeb, water contact recreationb
municipal or domestic supply and noncontact

recreation.

Nitrogen Species
(N) - mg/l

- TN A-Avg.: =0.75
TN S.V.: <1 2
Nitrate S.V. :=2.0
Nitrite S.V. :=.04
Amonia S.V K 02
(un- ionized)

Aquatic lifeb, water contact recreationb
municipal or domestic supply and noncontact
recreation.

Total Dissolved
Solids - mg/l

A-Avg.: =245.0
S.V.: =310.0

A-Avg.: =500 Municipal or domestic supplyb, irrigation
and stock watering.

Turbidity - NTU -

S.V.: =10
Aquatic lifeb and municipal or domestic
supply.

Color - PCU d S.V. : =75 Municipal or domestic supply.
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Table A-l(Cont.)

PARAMETER

REQUIREMENTS
TO MAINTAIN
EXISTING HIGHER
QUALITY

WATERQUALITY
STANDARDSFOR
BENEFICIAL USES

BENEFICIAL
USES

Alkalinity
(as CaCO3) - mg/l -

less than 25%
change from nat
ural conditions

Aquatic lifeb and wildlife propagation.

Fecal Coliform -
No./l0O ml

A.C.M. : =50
S.V <250 <200/400C

Water contact recreationb, noncontact rec
reation, municipal or domestic supply, irriga
tion, wildlife propagation and stock watering.

Suspended
Solids - mg/l

A-Avg. : =25.0
S.V. : =50

Aquatic lifeb.

Sulfate - mg/l A-Avg.: =39.0
S.V <46 0 S.V. : =250

Municipal or domestic supplyb.

Sodium - SAR A-Avg.: =8A-Avg.: =1.5
S.V.: =2.0

Irrigationb and municipal or domestic
supply.
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Table A-l(Cont.)

a. Maximum allowable increase in temperature above water temperature at the boundary of an approved mixing
zone, but the increase must not cause a violation of the single value standard.

b. The most restrictive beneficial use.
c. Based on the minimum of not less than 5 samples taken over a 30-day period, the fecal coliform bacterial

level may not exceed a geometric mean of 200 per 100 ml nor may more than 10 percent of the total
samples taken during any 30-day period exceed 400 per 100 ml.

d. Increase in color must not be more than 10 PCU above natural conditions.
e. This is to provide for propagation of cui-ui and early spawning (Nov. -Mar.) Lahontan cutthroat trout and

Spring passage of Lahontan cutthroat trout when flows are adequate to induce spawning runs.

[Environmental Coznm’n, Water Pollution Control Reg. part § 4.2.5, Table
43, eff. 5—2—78; A 1—25—79; 8—28—79; 1—25—80; 12—3—80J——(NACA 10—25—84)
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445.13471 Truckee River at Pyramid Lake.

STANDARDSOF WATERQUALITY
Truckee River

Control Point at Pyramid Lake. The limits in this table apply from the mouth of the Truckee River at
Pyramid Lake to the Wadsworth Cage control point.

REQUIREMENTS

PARAMETER
TO MAINTAIN
EXISTING HIGHER
QUALITY

WATERQUALITY
STANDARDSFOR
BENEFICIAL USES

BENEFICIAL
USES

Temperature 0C. Nov. -Mar. : =130C0 Aquatic lifeb and water contact recreation.
Maximum Apr.-June: =14C

July: =260
AT8 AT = 00C AT =20C

pH Units - S.V. : 7.0 - 8.3 Water contact recreationb, wildlife propaga
ApH: ±0.5 Max tionb, aquatic life, irrigation, stock watering,

municipal or domestic supply and industrial
supply.

Dissolved
Oxygen - mg/l

S .V.:
Nov. -June: =6.0
July-Oct. : =5.0

Aquatic lifeb, water contact recreation, wild-
life propagation, stock watering, municipal
or domesticsupply and noncontact recreation.
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PARAMETER

REQUIREMENTS
TO MAINTAIN
EXISTING HIGHER
QUALITY

WATERQUALITY
STANDARDSFOR
BENEFICIAL USES

BENEFICIAL
USES

Chlorides - mg/l A-Avg.: =105.0
S.V.: =130.0 S.V. : =250

Municipal or domestic supplyb, wildlife prop
agation, irrigation and stock watering.

Total Phosphates
(as P) - mg/l

- A-Avg. : =0.05 Aquatic lifeb, water contact recreationb
municipal or domestic supply and noncontact
recreation.

Nitrogen Species
(N) - mg/l

- TN A-Avg.: =0.75
TN S.V.: =1.2
Nitrate S.V. :=2.0
Nitrite S.V. :=.04
Amonia S.V.: =02
(un- ionized)

Aquatic lifeb, water contact recreationb,
municipal or domestic supply and noncontact
recreation.

Total Dissolved
Solids - mg/l

A-Avg.: =415.0 A-Avg.: =500 Municipal or domestic supplyb, irrigation
and stock watering.

Turbidity -NTU -

S.V.: =10
Aquatic lifeb and municipal or domestic
supply.

Color - PCU d S.V.: =75 Municipal or domestic supply.
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PARAMETER

REQUIREMENTS
TO MAINTAIN
EXISTING HIGHER
QUALITY

WATERQUALITY
STANDARDSFOR
BENEFICIAL USES

BENEFICIAL
USES

Alkalinity
(as CaCO3) - mg/l

Fecal Coliform -
No./lOO ml

Suspended
Solids - mg/l

Sulfate - mg!
1

Sodium - SAR

-

less than 25%
change from nat
ural conditions

Aquatic lifeb and wildlife propagation.

A.C.M.: =40
S.V.: =250 =200/400c

Water contact recreationb, noncontact rec
reation, municipal or domestic supply, irriga
tion, wildlife propagation and stock watering.

A-Avg.: =25.0
S.V. : =50

Aquatic lifeb.

A-Avg.: =85.0
S.V. : <106.0 S.V. : =250

Municipal or domestic supplyb.

A-Avg.: =2.4
S.V.: =2.9

A-Avg. : =8 Irrigationb and municipal or domestic
supply.

a. Maximum allowable increase in temperature above water temperature at the boundary of an approved mixing
zone, but the increase must not cause a violation of the single value standard.

b. The most restrictive beneficial use.
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c. Based on the minimum of not less than 5 samples taken over a 30-day period, the fecal coliform bacterial
level may not exceed a geometric mean of 200 per 100 ml nor may more than 10 percent of the total
samples taken during any 30-day period exceed 400 per 100 ml.

d. Increase in color must not be more than 10 PCU above natural conditions.
e. This is to provide for propagation of cui-ui and early spawning (Nov. -Mar.) Lahontan cutthroat trout and

Spring passage of Lahontan cutthroat trout when flows are adequate to induce spawning runs.

[Environmental Comin’n, Water Pollution Control Reg. part § 4.2.5, Table 43.1, eff. 5-
2—78; A 1—25—79; 8—28—79; 1—25—80; 12—3—80J——(NACA 10—25—84)
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as 10 cm. Many eggsthat are not buriedare eatenby Lahontanredside
shiners(Richardsoniusegregius)

.

Hoffman and Scoppettone(1988)discoveredthat artificially plantedLahontan
cutthroattrout eggsexperiencehigh mortality dueto low concentrations(<5
mg/l) of intergravelDO at depthsof 15 to 20 cm. Theypostulatedthat
decomposingorganicmatter, intergravelbiochemicaloxygendemand,or
uptakeof oxygenby trout eggsare factorswhich may, singularlyor in
combination,be responsiblefor the low DO levelsobserved. Studieshavenot
beenconductedto determineif DO levelsarealso too low for cui-ui eggs.

Periphytonaccumulationin the lower TruckeeRiver is significantduring the
growing seasonwhenflow is low (Cooperet al. 1984; Nowlin 1987; Brock et
al. 1989). Evidenceof biostimulationincludehigh periphytonstandingcrop
and largediel variationsin DO and pH (Reno-SparksWastewaterTreatment
Plantmonitoringdata). Dissolvedoxygen in the surfacewater may range
from 3 to 4 mg/I at sunriseto 12 to 15 mg/l in mid—afternoon. Organicmatter
accumulationfrom excessivesummer—timeperiphytongrowth at the water—
streambedinterfacemay be at leastpartially responsiblefor low intergravel
DO levelsobservedthroughoutthe year.

Studieson nutrientloading to the TruckeeRiver arecurrently beingconducted.
Estimatedtotal phosphorusand total nitrogen loading to the lower Truckee
River (McCarranBlvd. in Renoto Derby Dam) during a September1989
“snapshot’ is estimatedin FiguresA—i andA—2. Preliminaryinformation
suggeststhat a nutrient strategybetweenMcCarranto DerbyDam may be
entirely different thanone from Derby Dam to MarbleBluff Dam. Point and
non—point sourcesdominateriver loading betweenMcCarran and Derby Dam,
while non—pointsourcesdominatethe loading downstreamfrom Derby Dam.

Currentresearchbeing fundedby the U.S. EnvironmentalProtectionAgency,
NevadaDivision of EnvironmentalProtectionand othershasfocusedon
nutrient—algaeresponserelationshipsin the TruckeeRiver system. The
developmentof the DynamicStreamSimulationand AssessmentModel
(DSSAM) should improvetheunderstandingof nutrient dynamicsand provide
a more sophisticatedtool for developmentof a soundnutrient strategyfor the
watershed.

Siltationby suspendedsolids may also be a factorin compactingcui—ui
spawninggravelsby impeding subsurfaceflow of water. The lower river has
a scoured,braided,and exposedchannelthat makesit highly susceptibleto
erosion. Non—point sources,suchasagricultural returnsand stormwater
runoff, also contributeto this problem. The goal shouldbe a meandering
channelenhancedand stabilizedby a well—managedriparian habitat. Physical
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erosioncontrol structuresmay haveto beconsideredin extremelyeroded
areas. Other sourcesof suspendedsolids should be managedby encouraging
Best ManagementPractices. A future flow prescriptionmayinclude an annual
“flushing flow” that would precedethe spawningrun for theeffect of
removingfine sedimentsand accumulatedorganicmatterfrom the substrate.
These“flushing flows” areoftenoverlookedduring instreamflow studieson
regulatedriver systems(Goreand Petts 1989).

Total DissolvedSolids (TDS) — Bioassaystudiesconductedby LockheedOcean
ScienceLaboratories(LOSL, 1982)is theonly definitivework availableon the
effect of TDS on cui—ui developmentand larvaesurvival. Their study was
designedto determinethe effectsof increasingPyramidLake TDS (>5800
mg/l) ratherthan on increasingTruckeeRiver TDS (<500 mg/l); however
someinformationcould be obtained. Eggs hatchedin control water (525 mg/l
TDS) showedtypical embryonicdevelopmentwith a 75 percenthatchrate,
with no abnormalitiesthereafter. During theApril throughJunecui—ui
spawningperiod,TDS is typically less than 200 mg/I when suitableattraction
flows areachieved. This informationsuggeststhat existing TDS
concentrationsin the river (=200mg/I) during thespawningrun are not
detrimentalto early cui—ui life stages.

Temperature— Cui—ui eggsareextremelysensitiveto changesin water
temperatureduring incubation;after hatchingsensitivity decreases.Recent
studiesconductedby the U.S. Fish & Wildlife Serviceconcludedthat
acceptablesurvival of eggscould be achievedat or below a daily maximum
temperatureof 170 C (Colemanet al. 1987).

Using theBureauof Reclamation’sTruckeeRiver PredictionModel (Rowell
1975),estimateswere madeof flow needsto maintainwater temperaturesat or
below 170 C. With averageair temperature,minimum flow requirementfor
May waspredictedto be 1000 cfs to maintainminimum acceptable
temperatures.An instreamstudy betweenNumanaand Marble Bluff Dams
found that maximumspawningareaoccursat 750 cfs (8,274 ft2 /1000 linear
feet); this areadecreasesby about600 ft2 per 1000 linear feet at the 1000 cfs
minimum flow requirement. The spawningareacreatedat 1000 cfs is
adequatefor currentspawningruns (Buchananand Strekal 1988). The
relatively high incubation flows also providea higher rateof surfaceto
intergravelwaterexchange,increasingintergravelDO and flushingof
metabolicwastes.
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In summary,temperatureis the most critical of the habitatrequirementsof cui—
ui. Thougha monthly meantemperaturepredictivemodel exists for the
TruckeeRiver, a daily model is requiredto properly manageavailablestorage
and spawningflows. The model should incorporateall factorsknown to
influencewatertemperaturesuchasflow, wind, shading,evaporation,solar
radiation,air temperature,etc. Such a model could beusedby resource
managementagenciesin understandingwhich environmentalvariablesare the
most importantand which alternativesare themost cost—effectivein
maintenanceof low water temperatureand thus the flow regulatoryscheme
necessaryto maintainoptimum habitat.

PYRAMID LAKE WATER QUALITY

Water quality variableswhich could potentially impactcui—ui survival in
PyramidLake includeTDS and DO. BecausePyramidLakeis terminal,
inflowing salts accumulatein the lake, causingit to becomemoderatelysaline.
TheTDS concentrationin PyramidLake is inverselyrelatedto volume.
Therefore,the primary factorresponsiblefor recent increasesin lakeTDS has
beenupstreamTruckeeRiver diversionscausingthe Lake to recedein volume.
Sinceupstreamdiversionsbeganin 1905, PyramidLakehaslost 30 percentof
its volume and salinity hasincreasedfrom about3,500 mg/l to in excessof
5,000 mg/i (Benson1978, Galat 1981). In 1991 TDS wasapproximately5,400
mg/i. Concernover increasingTDS anddeclining fisheriesresultedin studies
to determineeffects on the food chain(LOSL 1982). Water quality standards
for the lower TruckeeRiver at PyramidLake (1991)arepresentedin Table A—
1.

Only 8 percentof cui—ui eggshatchedin Pyramid Lake water with a TDS of
about5,900 mg/i (LOSL 1982). Chatto (1979) found that somecui—ui eggs
could hatchin PyramidLake wheresalinity approximated1,800 mg/l, but
successwould declinewhensalinity approached3,800 mg/l.

Eggs that were allowed to developin 525 mg/l for 24—96 hours prior to being
placedin 5,900 mg/l developedaswell asthosein control water, although
someabnormalitieswere found (LOSL 1982). Three—day—oldcui—ui larvae
subjectedto testconcentrationsof 350 and 5,800 mg/l all survivedthe first 96
hours; however, after 192 hoursthe 5,800 mg/l testexhibitedincreased
mortality andabnormalities.Chronic 180—day testson juvenilecui-ui suggest
an increasedtoleranceto higherTDS levels, although reducedsurvival
occurredat levelsranging from 3,600 to 5,200 mg/l.

Resultsof thesebioassayssuggestthat currentTDS levels in PyramidLake are
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at or aboveoptimum for cui—ui survival. Dataalsoshow that substantial
increasesin TDS above 5,900 mg/l may causesignificantdegradationof
PyramidLake’s entirefood chain, including biomass,speciescomposition,and
diversity. Basedon thesefindings, Pyramid LakeTDS should not be allowed
to increaseappreciably.

Excessivenutrientloading to lakesgenerallyleadsto increasesin primary
productionand the potential for hypolimneticDO depletions. Maintaining
adequateDO concentrationsin PyramidLakeis critical for cui—ui habitat.
Seasonalwarmingof surfacewater isolatesdeeperwaterfrom atmosphericand
internally—generatedsourcesof DO. The hypolimnion becomesprogressively
depletedof oxygenthrough theperiodof stratificationdueto the
decompositionof organicmatter.

Galatet al. (1981)reportedthat deepwater (75—95m)oxygenconcentration
minima were less than2 mg/l, but DO deficits were apparentin both the
metalimnionand hypolimnionbeginningin July. They concludedthat the
lake’s trout populationmay be excludedfrom only the deepestwaters. Lebo
et al.(1990)reportedthat bottom waterDO depletionsoccurthroughout
PyramidLake. They found a progressivedepletionof oxygenthroughoutthe
summermonths,and that bottomwaters(=100m) of thedeepbasinmay go
anoxicif the lakedoesnot overturneachyear. Recentstudiesconductedby
the U.S. Fishand Wildlife Servicefoundcui—ui utilizing deepwater habitat
(Scoppettone,personalcommunication1991).

While the impactof nutrient concentrationson the lower TruckeeRiver is
relatively well understood,little is known about theeffectsof nutrientloading
on PyramidLake. In September1989, the PyramidLakeTribe (through
PyramidLake Fisheries)contractedwith the Limnological ResearchGroupat
the University of California, Davis to begin a multi—year study to determine
the potential effectsof nutrient loading on PyramidLake. The goalsfor the
currentfour—yearstudyare (from U.C. Davis researchproposalsubmittedto
PyramidLake Tribe):

1. Expandand formalizethe routinewaterquality monitoring
programfor PyramidLake.

2. Quantitativedeterminationof a nutrient budgetfor the Lake.

3. Determinetheeffects that nutrient loading is currently having on
PyramidLake,and whateffect additionalloadswill haveon the
futureof waterquality.
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4. Determineappropriateand realisticwater quality standardsfor
PyramidLakeand thelower TruckeeRiver to protectbeneficial
uses.

5. Designand implementationof an effectivewaterquality, lake
enhancementand watershedmanagementprogram.

TheU.C. Davis researchproject (1993completiondate) should provide
managementagencieswith an empirical and mechanisticmodel to predict
hypolimneticDO from internaland externalnutrient loading. The Nevada
Division of EnvironmentalProtectionis currently reviewingTruckeeRiver
waterquality standardsand wasteload allocationsand revisionsareexpected.
Revisionsto thewaterquality standardsthat would causean increasein the
existing permittednutrient load to Pyramid Lakewould be unacceptableuntil
theon—going studiesarecompleted. When the Lake model becomesavailable,
waterquality standardsfor the TruckeeRiver should incorporatecriteria for
maximumpermissibleloadingsto Pyramid Lake.

CONCLUSIONS AND RECOMMENDATIONS

• Studiesshouldbeconductedto determineif intergravelhabitatis
suitablefor cui—ui egg incubationanddevelopment.

• A watershednutrient strategyshould be developedfor the
TruckeeRiver to minimize detrimentaleffectson lower Truckee
River cui—ui habitat. This strategywould focuson bothpoint
and non—point sourcesof nutrient loading and identify those
sourcesthat would producegreatestlower river benefits.

• A daily predictivewater temperaturemodel should bedeveloped
for theTruckeeRiver system.

• TruckeeRiver TDS levelsdo not appearto detrimentallyimpact
cui—ui early life stages.

• PyramidLake TDS should not be allowed to increaseabove
5,900 mg/l. Studiesshouldbe conductedto determinethe
effectsof TDS loading from theTruckeeRiver on Pyramid
Lake.

• Until ongoingnutrient studiesat PyramidLakearecomplete,
permittednutrient wasteloads to the TruckeeRiver should not
be increased.
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APPENDIX B:

CIJI-UI MODEL

[The following informationwasexcerptedfrom SimulatedWater Management
and EvaluationProceduresfor Cui—ui (Chasmistescuius) by C.C. Buchanan
(U.S. Fish and Wildlife Service,RenoNV) and T.A. Strekal (U.S. Bureauof
Reclamation,CarsonCity NV), 1988.]

The Cui--uiPopulationIndex Subroutine(cui--uimodel, or model)developedby
BuchananandStrekal (1988)comparesthepossibleeffectsof various water
managementplanson cui--uipopulationdynamics. The model synthesizes
hydrologic data(generatedby a water—managementmodel asdescribedby
Cobb et al 1990),known and attributedbiological characteristicsand
population dynamics of cui—ui to simulatethereproductiveresponseof thecui—
ui population to varying instream flow and Pyramid Lake elevation over time.
It is a single--speciestime--seriesmodel that combinesthe basicelementsof the
Leslie matrix model, a discrete time--age structure model, with those of the
Effective HabitatTime SeriesAnalysis, a model of fluctuatingriver habitat
availability and fish requirements(Bovee 1982; BegonandMortimer 1986).
Theseelementsarecombinedfurtherwith environmentalcharacteristicsunique
to theTruckeeRiver/PyramidLake systemand behavioralcharacteristicsof
cui—ui. Matrix algebrahasbeenreplacedby computerlogic.

The model evolvedfrom theHabitat EvaluationSubroutineincludedin the
Draft EIS for NewlandsProjectOperatingCriteriaand Procedures(U.S.
Bureauof Reclamation1986). The earlier version usedprescribedlower
TruckeeRiver inflow to PyramidLakeasthe sole parameteraffectingcui--ui
reproduction;the presentversion is more sensitiveto hydrologicvariability
andincorporatesa greaterarrayof biological and physical information. It
simulatesthe numberof yolk--saclarvaerecruitedto the populationeachyear
(i.e., new yearclass) and the numberof individualsremaining in eachyear
classby incorporatingthe following parameters:river access;attraction flows;
instreamflow/temperaturerelation; fecundity rates; egg viability; temperature
toleranceof eggs; annualmortality rates; and populationsize. A description
of empiricaldataand assumptionsusedin the model is presentedin Buchanan
and Strekal (1988).

Femalenumbersare the limiting factorin thecui—ui populationbecauseof egg
viability andproduction. Males are not limiting becausetheyenterspawning
runs more frequently than females,and may spawnwith numerousfemales.
Therefore,the model tracksonly femalecui—ui.
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The model is initiatedwith a known numberof femalecui—ui in eachyear
class. In the 1988 report, it is begunwith the numberof cui—ui per yearclass
calculatedto exist in the summerof 1987, so that the simulatedimpactson the
populationwould reflect then—currentconditions. The numberof hatchery
producedcui--uiplanted in PyramidLakeis includedin the model to develop
the populationestimate. The initial elevationof PyramidLake is establishedat
the April 1988 level of 3812.4 feet m.s.l. and StampedeReservoirstorageat
90,000acre--feet.

The occurrenceand sizeof a spawningrun dependupon the total inflow to
PyramidLake from Januarythrough April (attractionflow), the numberof
adult femalesin the population,and lake elevationat the beginningof May.
Thereis no minimum numberof adultsrequiredto initiate the run, but the
minimum lakeelevationfor river accessis 3784.0feetand the minimum
attractionvolumeis 60,000acre—feet. The relationof thesevariablesto one
anotheris basedon observationsat MarbleBluff Fish Facility from 1980
through 1987. Run sizeand timing alsodependupon thepassageavenue. For
example,if PyramidLakeelevationis at or below 3812.0feet, but above
3784.0feetpassageis only availablethroughthePyramid LakeFishway. At
theseelevations,less than0.1 percentof thepopulationwould enterthe
fishway with an attraction flow of 51,000acre—feet,1.5 percentwith 176,000
acre—feet,and 5.0 percentfor flows greaterthan349,000acre--feet.When lake
elevationexceeds3812.0feetpassageis assumedto be availableover the delta
and the spawningrun percentagesincrease. With an attractionflow of 60,000
acre--feet,4.8 percentof the adult femalepopulationentersthe spawningrun,
6.3 percententerat 87,000acre—feet, 12.4 percentat 491,000acre--feet,and
23.5 percentat and above715,000acre—feet. No spawningruns occurbelow
the lowest elevationand inflow.

Fish of prime reproductiveagearerepresentedproportionatelyin the spawning
run. For example,if attractionvolume and lake elevationindicatethat 6.0
percentof the populationwould entertherun, then6.0 percentof the females
in eachprimereproductiveyear class is assumedto entertherun. Percentages
arereducedfor fish olderthanprime reproductiveage. BecausePyramid
Lake Fishwayand the river trap (requiredwhencui—ui usethe delta) at Marble
Bluff Fish Facility hasrestrictedpassagecapacities,the maximumrun size is
limited to 20,000femalesthroughthe fishway and 100,000femalesthrough
the river trap. Run size is then reducedby 12.5 percent,under theassumption
that somefish are sweptover the Marble Bluff Dam spillway beforethey are
ableto spawn.

Thetotal numberof eggsdepositedis estimatedby multiplying the numberof
femalespawnersby the averagefecundity ratefor their respectiveages,then
reducingthe total by 10 percentfor egg retention. The numberof yolk—sac
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larvaeproducedby theseeggsdependsupon the ageof the femaleproducer
(i.e., eggviability), water temperatureduring incubation,and variability of
instreamflow.

The numberof femalesin eachyear class, including the new yearclass, is
then reducedby naturalmortality eachyear. At this point, the model repeats
for the next hydrologicyear.

The model output canbe interpretedas: 1) an index of the relativeabundance
of adult females;or 2) the numberof adult females. A comparisonof relative
differencesamongindicesis limited to determiningwhich of two or more
watermanagementplans is best for cui--ui,while the femalenumberis
necessaryto determinethe adequacyof a water managementplan to maintain
the populationabovea certain level.

Model outputvariesdirectly with the amountof waterassociatedwith a
particularhydrologicseries. If output is to beusedonly for relative
comparisons,then the selectionof a hydrologicseries is not necessarily
limiting. A hydrologicserieswith a low probability of occurrence(extremely
wet or extremelydry), however,would causedifficulties in ascertainingthe
relativedifferencesamongplans. Only serieswith moderateto high
probabilitiesof occurrenceshouldbe usedwhendeterminingwhich plan
amongmany would likely be mostbeneficial for the species.

If the endproductis to beviewedasthe potentialnumberof adult females
associatedwith a particularwater managementplan, thena stochastic
hydrologic series— basedon the probabilityof a given hydrologiccondition
occurringduring any year in the future — shouldbe used. By using a seriesof
stochasticreplicates(probability—conditionedhydrologicseries)the adequacyof
alternateplanscanbe basedon probabilityand risk.

For the stochasticanalysispresentedin Appendix C, thehydrologicperiodof
record wasexpandedto 1989 (i.e., 89 years) and theperiodof analysiswas
200 years. Reservoirsand lakeswere initialized at April 1990 levels. Inflow
to PyramidLake wassupplementedindependentof existing operating
constraints.

Changeswere also madeto the cui—ui model (identified in the Truckee—Carson
Hydrologic Model as “HAB 13”):

o threeadditional years, 1987 through 1989, wereaddedto the
spawningrecord (all zeroes)so all previousyear classesbecamethree
yearsolder;
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o cui—ui larvaesurvival ratesof 0.002 and 0.003 (in additionto 0.001)
wereincludedin the analysis;

o cui--uilarvae numberswere adjustedfor eachrespectivesurvival rate
so that numberof adultsfor eachdocumentedyear class at initiation of
eachmodel run would be identical;

o cui--uijuvenile survival ratewas revisedto 0.444 (from — 0.777);and

o numberof spawnerswasallowedto doublewhenPyramidLake
elevationwasgreaterthan3,848.0feet(heightof Marble Bluff Dam
spillway) to reflectpossiblebenefitsfrom supplementalwater - -rising
lakelevel would inundatethedelta to enhancefish passageto the dam
and,oncethe spillway is topped,obviatemechanicaltransportupstream
of the dam — and to permit utilization of all currently--identified
spawninghabitatby a maximum of 200,000femalecui—ui.

A copy of the cui—ui model follows.
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PROGRAMBAR13
C
C This program performs the “HAH13” functions as defined in the
C USBR subroutine of May 25, 198&. - This is version “Li”. - -

C
C July 1988 HAB13ORG (4—22—89) AND CHANGED(6—27—90)
C DIMENSION FPDPO(38)YOYT(100),FYOY(loo),xREGI’lcaoo),AVG(13),

1 AVG2(13),AFPOP(100),TTSTBL(z, 100) ,FLOW(100) ,STGC100),
2 DX(12),FPOP(38),TFORCC100)

COt-tEN /BLOCKA/PCOGF(100).FSPWT(ioo)CFS(2,COGFSTG4IAGEYXBG
C

CHARACTER*10 TITL(8)
C

OPEN(UNIT=10.FILE=’HAE1a CON’)
OPEN(UNIT=11,FILE=CUIUI.DAT’)
OPEN(UNIT=20.FILE=’HB13RSLT’)
REWIND 10
REWIND 11
REWIND 20

C
10 FORMATC2X,10F7.0)
11 FORMAT(3X,12,3x,12)
12 FORMAT(5X,F3 0, 6F8.2,2F%2/2x,F9 .2)
13 FORMAT(8A10)

C
20 FORMAT(3I4,F&0,3F12. 1,F7.3,F12A,F8.5,F12.3,FBoF81/

1 2X,F6.3,2F121)
21 FORMAT(2I5F15.s,4F153F12.1)

C
495 FORMAT(’ ‘)
496 PORMAT(/15X, ‘CUI—UI POPULATION INDEX SUBROUTINE OF MAY 1988’ ~

1 ‘PAGE NO. ‘12)
497 FORMAT(1X,5HSTUDy 12X, 911N0. ADULT, 12X, liBMO. FEMALES,7X, 13HYOUNG—O

1 F-YEAR)
498 FORMAT(2X,2HYR, 15X, MFEMALES,15X.8HSPAWNERS,11X,8HPRODUCED, lOX,

1 148% EGG SURVIVAL
499 FORMAT(18X11H AGES(7—37),10x11H AGES(7-37),10x,6H AGE 0,11X,

1 128 AGE(7-30) /)
500 FORNAT(2X, 12.2F22.0.F20.0F19.2)
501 FORMATc/41x,22HHEr-l II HYDROLOGICDATA ,25X, ‘PAGE NO. ‘.12)
502 FORMAT(//)

C SWITH COlt-tENTS ON ‘503’ TO WRITE FORCAST NUMANARATHER
C THANAVAILABLE NUMANA.

C 503 FORNATC1X,5HSTUDY2X,16HAVAILANLE NUMANA,9X,4HFLOW,8x,
C 1 12HPYRAHID LAKE,14X14HPYRAIIID INFLOW,13X,14H% EGG SURVIVAL)

503 FORMAT(lx, 5HSTUDY,2X, 1SHFORECASTNUMANA,9X,4HFLOW,BX,
1 12HFYRANID LAKE,14x,14MpYRngD INFLOW,13X,14Hz EGG SURVIVAL)

504 FORMAT(2X,2HYR, 7X, 1OHMARCH—JUNE,lix, 6HREGIME,5X, ‘ELEVATION (APRIL)
1 ‘ 6X.25HJA—APR MAY JUNE ,8X,12H AGE(7—30) I)

505 FORMAT(2X,12,5x,Flo.2, 13X.FS2,2x,F152,ax,3F1o28xF92)
506 FORMAT(10x)

507 FORMAT(1X,’AVG’,2F22.oF200Fl92)
508 FORMAT(/1X, ‘1925—1967’)
509 FORMAT(7x.6Alo.5x,2A1o)
510 FORMAT(15x.tA1o,5x,2A1o)

C THOU = 1000.0
TWNTHO= 20000.
HUNTHO= 100000.
ZERO = 0.0

C
READ(10, 11)KDBG
READClO, 10)(FPOPOCI),I=1 38)
READ(11, 11)IPFYR,IPLYR
READ(11,13)(TITLCI).I=1s)
REAlM 11, 11)1
DO 110 1=1,100

FSPWT(I) ZERO
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YOYTCI) = ZERO

FYQYCI) = ZERO
AFPOP(I) = ZERO
PCOGF(I) = ZERO

C** V 1.1
IF(I .LE. 38 ) FPOP(I) = ZERO

IF(I.LE.38) FPOPOCI) = THOU*FPOPO(I)
IF(I.LE.5) AVG(I) = ZERO
IF(I.LE.5) AVG2(I) = ZERO

110 CONTINUE
C
C CALCULATEEACHYEARS FISH POPULATION, SPAWNING, ETC.
C

J2 = 0
DO 150 JYR = IFFYRIPLYR
32 = 32 + 1

C
C READ JANUARY TO JUNE FLOWS, APRIL LAKE ELEVATION, AND MARCH-JUNE
C NUMANATOTAL FLOW. IN READ BELOW, REVERSETHE TFORC’ AND
C THE DOG’ TO READ FORECASTNUMANARATHERTHAN THE OBSERVEDNUMANA

READ(11, 12)XREGM(J2) , (DX(I) 1=4 7) TTSTBL(1 32) TTSTBL(2 32)
1 STG4,DOG, TFORC(32)

CFS(1) = 16.263*TTSTHL(1,J2)
CFS(2) = 16.806*TTSTHL(2,32)
FLOW(J2) = ZERO
DO 120 15=4,7
FLOW(J2) = FLOWCJ2) + DX(I5)/THOU

120 CONTINUE
C
C ANALYZE SPAWNING, MORTALITY, ETC. FOR EACH AGE CLASS
C

DO 130 3=1,37

IAGE = 3
L = 32
AGE = FLOAT(IAGE)

C MORTALITY FROMAGE ONE TO CURRENTAGE

IF(IAGE.GE. 7)THEN
F = 2.71828**(...16*CAGE - 7.0))
FPOP(IAGE) = O.

7718388*F*O.77880091*FPOPOCIAGE),THOU
C

AFPOP(L) = AFPOP(L) + FPOP(IAGE)
ENDIF

C IF(FLOW(J2).GE.0.060.ANOIAGEGE7ANDSTG4GT37B4 )THEN
C *** .060 CHANGE TO .051 BY TOM (6-27-90)******************

IF(FL0Wc32).LT.o.OS1oRIAGELT7oRSTG4LE37B4 )GO TO 130
C IFCFSPWT(L).NE.HUNTHO.OR.5TG4LE381200)THEN

IF(FSPWT(L).GE.HUNTHO)GO TO 130
C IFCFSPNT(L).NE.TWNTHO.0R5TG4LE3784)THEN

IF(FSPWTCL).GE.TWNTHOANDSTG4LE381200)OG TO 130
C
C CALCULATE NUMBEROF EGGS PER FEMALE
C

IFCIAGE.GT. 33)THEN
POL = 143.0*AGE + 100280.0

ELSE
POL = -669923.3 + THOU*AGE*(251.0787 + AGE*(~37.4239 + AGE*(

1 3.169079 + AGE*(~0.1599236 + AGE*C0.0047438 + AGE*(.~0.00007620895
2 + AGE*(0.0000005111523)))))))

ENDIF
IFCIAGE.GE.8)GO TO 128

C
C CALCULATE PERCENTOF FEMALES TRYING TO SPAWN, ONLYNEED TO DO
C THIS ONCEIN THE AGE CLASS DO LOOP.
C

C IF(STG4.LT.3812.oo)THEN
IF(STG4.GE.3812.oo)oo TO 126
PERC = 0.0001

C ***** .GE. CHANGETO .GT. BY TOM (6-27-90) ********
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IF(FLOW(J2).GT.0.051.AND.FLOW(32).LE.0.176)PERC = 0.12*FLOWCJ2)

1 — 0.00612
IF(FLOW(32).GT.0.176)PERC = ANIN1(0.050,0.20231*FLOW(32) -.02061)

GO TO 128
C
C IF(STG4.GE.3812.00)THEN
126 PERC = ZERO

IF(FLOW(32).GE.0.060.AND.FLOW(J2).LE.0.087)PERC = 0.01467 +

1 0.55556*FLOWCJ2)
IFCFLOW(32) .GT.0.087.AND.FLOW(32) .LE.0.491)PERC = 0.04986 +

1 0.15099*FLOWCJZ)
IF(FLOW(32).GT.0.491)PERC = AMIN1(0.235.0.49554*FLOW(32) -

1 0.11931)
C
C CALCULATESUCCESSFULSPAWNERS
C
128 FSPAWN = PERC*0.875*FPOP(IAGE)

IF(IAGE.GT.30)FSPAWN = AMAX1(ZERO,0.125*(38.0 - AGE)*
1 FSPAWN)

IF(FSPAWN.LT.1.0)FSPAWN = ZERO

XLIM = HUNTHO

IF(STG4.LE.3812.00)XLIM = TWNTHO

DOG= FSPWT(L) + FSPAWN
IF(KDBG.GE.1)WRITE(20,20)JYR,J2,IAGE,AGE,FPOP(IAGE),AFPOP(L),

1 FSPWTCL),FLOW(32) ,POL,PERC.FSPAWN,XLIM,DOG,F,FPOPO(IAGE)
C WRITEC2O, 201)3YR, 32, IAGE, FPOP(IAGE), AFPOP(L),
C 1 FPOPO(IAGE), PERC, FSPWT(L), FSPAWN, XLIM, DOG, FLOW(J2)
C 201 FORMAT( 314, 3F15.1, F7.3 / 12X, 4F15.1, P5.3
C IF(DOG.GT.XLIM)FSPAWN = XLIM - FSPWT(L)

FSPWT(L) = ANIN1(DOG,XLIN)
Fl = FSPAWN

C
C CALCULATENUMBEROF EGGS LAID BY THIS AGE FEMALE
C

El = 09*F1*POL
C
C CALL EGG SURVIVAL SUBROUTINE
C

IF(IAGE.EQ.7.OR.IAGE.GE.31)CALL SURVSH(32)
C
C CALCULATEONE-YEAR OLD FISH AND ONE-YEAR OLD FEMALES PRODUCED
C

E2 = 0.01*COGF*El
FYOY(L) = 0.5*E2
YOYT(L) = YOYT(L) + FYOY(L)
IF(KOBG.GE.1)WRITEC2O,21)JYR,L,F1,E1,E2,COGF,FYOY(L),YOYT(L)

130 CONTINUE
C
C NOWSHIFT POPULATION ONE YEAR IN THE ARRAY
C

DO 140 KK=1,37
K = 38 - KK
FPOPOCK+1) = FPOPO(K)

140 CONTINUE
FPOPOC1) = YOYTCL)
STG(32) = STG4

150 CONTINUE
C
C NOWWRITE THE RESULTS
C

NN = 0
12 = IFFYR - 1
FACTOR = FLOAT(IPLYR - 12)
FACTR2 = FLOAT(MINOCIPLYR,67) - MAXO(IPFYR,24))
DO 155 IP=l,2
Il = 12 + 1
12 = MINO(I2+45,IPLYR)
WRITE(20,495)
WRITE(20,496)IP
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WRITE(20, 509) CTITL(I) , 1=1, 8)
WRITE(20.497)
WRITE(20.498)
WRITE(20.499)

C
DO 155 NX=I1,12
NN = NN + 1
WRITE(20,500)NK,AFPOP(NN) ,FSPWT(NN),YOYT(NN),PCOGF(NN)
3 =

IF(J.GE. l)WRITE(20, 506)
C

AVG(2) = AVG(2) + AFPOP(NN)/FACTOR
AVG(3) = AVG(3) + FSPWT(NN)IFACTOR
AVG(4) = AVG(4) + YOYT(NN)/FACTOR
AVG(5) = AVG(5) + PCOGF(NN)/FACTOR
IF(NK.LT.25.OR.NIC.GT.67)GO TO 155
AVG2(2) = AVG2(2) + AFPOP(NN)/FACTR2
AVG2(3) = AVG2(3) + FSPWT(NN)/FACTR2
AVG2(4) = AVG2(4) + YOYT(NN)/FACTR2
AVG2(5) = AVG2(5) + PCOGFCNN)/FACTR2

C
155 CONTINUE

WRITE(20,507)(AVG(I) 1=2,5)

WRITE(20,508)
WRITE(20,507)(AVG2(I) .1=2,5)

C
NN = 0

12 = IFFYR - 1
DO 160 IP=l,2
Il = 12 + 1
12 = MINO(I2+45,IPLYR)

WRITE(20,495)
WRITE(20,501)IP
WRITE(20,5l0)(TITL(I) .1=1.8)
WRITE(20, 503)

WRITE(20,504)
C

DO 160 NIC=I1,12
NW = NW + 1
FLOW(NN) = THOU*FLOW(NN)
WRITE(20,505)NK,TFORC(NN),XREGM(NN),STG(NN)FLOW(NN)TTSTBLC1

1 NN),TTSTBL(2,NN),PCOGF(NN)
3 = NK/5~5/NK
IF(J.GE. 1)WRITE(20,506)

160 CONTINUE
END

SUHROUTINE SURVSH(KYR)
C
C THIS SUBROUTINE CALCULATES THE CUI-UI LARVAL SURVIVAL.
C

COM’ION /BLOCKA/PCOGF(100).FSPWT(100),CFS(2),COGF,STG4IAGE
1 KDBG

DIMENSION Q1(6) .02(7) ,Al(6) ,A2(7) ,A3(7) .81(6) .82(7) .83(7)
C

DATA 01/999.9,1400. 1900. 3500. 5000. ,6000./ ,Al/13.15.13.22
1 .13.34,27.62.47.29,0.01/ ,Bh/.00025..0002,.000l33,—.0o3947,
2 —.00788,0./,Q2/1300. .1700. ,2200. 2800. 3500. .5000. .6000.!, A2/

3 4.25552,5. 66767.6.09319,6.8333,8.7,24.403,41. 77/, 821.003344,
4 .002256, .002, .001667, .00l,—.003487,- .00696/, A3/.01845,—.00377
S , .01508, .00533, .01131, .01729, .00755/, 831.86409, .7326, .59666,
6 .46371, .32926, .19482, .06187/

C
10 FORMAT(1X. ‘SURVSH’ ,314,7F10.3)
C

ZERO 0.0
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APPENDIX D:
EVALUATION OF MEASURES TO SECURE WATER

FOR CUI-IJI

INTRODUCTION

Negotiationof waterconflictshasbeenaidedby computersimulationsof
hydrologicevents(Truckee-CarsonHydrologicModel) and cui-ui response
(Cui-ui Model - seeAppendixB) using a historic database(Buchananand
Strekal 1988; Cobb et al 1990). Thosetools areutilized hereto designand
evaluatea seriesof alternativesto increaseinflow to PyramidLakeand
equivalentactionswith the objectiveto recovercui-ui.

BACKGROUND

TheTruckeeRiver originatesat TahoeDam (theoutlet of LakeTahoe)and
terminatesat PyramidLake. River flow is providedby releasesfrom Lake
Tahoeand otherreservoirsin the upperTruckeeRiver basinand by
uncontrolledrunoff from unimpoundedsubbasins. Reservoirreleasesare
coordinatedto the extentpossibleto conform to a variety of operating
agreements,decrees,orders,criteria, and standards. California usesriver
water from theheadwatersdownstreamto the Stateline at Farad. In Nevada
the Truckeeis theprincipal sourceof water for irrigation, municipal, industrial
and domesticusesin TruckeeMeadows(Reno-Sparksarea). A major portion
of Truckeeflow is divertedat Derby Dam to provide irrigation water for the
NewlandsProjectin the vicinity of Fernleyand Fallon (CarsonRiver
drainage). Diversion to the Fallon areais a function of project demandwhich
cannotbe satisfiedby the CarsonRiver. Water not diverted for other
irrigators downstreamfrom Derby Dam flows to PyramidLake.

Diversion of TruckeeRiver runoff hasbeen a major causeof the declineof the
cui-ui population. Since 1982 StampedeReservoir(capacity 226,000acre-
feet) hasbeenthe only dedicatedfacility in theTruckeebasin for storing water
and regulatingflows for cui-ui spawning.

The statusof cui-ui canbe improvedby increasingpopulationsizeand year-
classdiversity. This canbeachievedby increasingthe frequencyof spawning
runs and the survival (and consequentrecruitment)of young. Eventual
reclassificationand delisting of cui-ui canbeaccomplishedmostdirectly by
increasinginflow to PyramidLake, particularly during the spawningseason.

Probabilistic(i.e., stochastic)analysisof TruckeeRiver hydrology and cui-ui
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populationresponsehasindicatedthat annualinflow to PyramidLake must
increaseto ensurerecovery(Appendix C). Additional water could besecured
directly by purchasingactiveTruckeeRiver water rights. For this measureto
be effective,though,demandsby otherwaterusersin the basinmust not
increase. Conversely,inflow to PyramidLake could be increasedby reducing
diversionsfrom the TruckeeRiver, but receiptof suchwatercould besporadic
andrequiresupplementationfrom dedicatedstoragefacilities upstreamto
promotespawningand limit mortality of eggsand larvae.

Recoverymight alsobe achievedby increasingrunoff in theTruckeeRiver
while maintainingcurrent levelsof demands;suchan alternativewould require
extensivechangesin land usepracticesand watermanagement. The simplest
way for runoff to increase,of course,would be from climatechangewhich is
beyondthe scopeof this analysis.

Severalsourcesof water for PyramidLake havebeen identified. While it may
bepossibleto import water of suitablequality from a neighboringbasin, it
would be cheaperto purchasewater rights from theTruckeeBasin and/or
reducediversionsto the NewlandsProject. Operationalchangesat upper
TruckeeRiver reservoirscould improvetiming of releasesto benefitcui—ui
spawning,which would be equivalentto acquiringa certainamountof water.
Structuralchangesin the lower river could supplementor complementflow
augmentationand promoterecoveryof cui—ui.

All of the measurespresentedor evaluatedin this analysisare at least
generally identified in theTruckee—Carson—PyramidLake Water SettlementAct
(P.L. 101—618). Certain specific measuresand recommendationswere
developedto encompasslikely possibilitiesto promoterecoveryof the species.

METHODS AND ALTERNATIVES

TheTruckee—CarsonHydrologic Model hasbeenusedregularly to evaluate
and compareoperatingplansfor the Truckee—Carsonriver system. Thereare
two versionsof the modelcurrently in use, the “Negotiation” and
“Reclamation” models; this analysisusestheNegotiationmodel becauseit can
be run with or without provisionsof the PreliminarySettlementAgreement
(PSA) for managementof upperbasin reservoirs,as identified in P.L. 101--618.
(PSA provides,in part, for storageof privately—ownedmunicipalwater in
StampedeReservoirand otherupperTruckeeRiver reservoirsfor drought
supply; in exchange,court—decreedTruckeeRiver flow ratesare relaxedand
differential watercreditedfor later releaseto improvecui--uispawning
conditions.) It is a monthly mass—balanceaccountingtype model that adds
inputs, subtractsoutputs,and adjustsreservoirstoragebasedupon a complex
setof legal constraintsand operatingcriteria. The model computesmonthly
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flow and storagevolumesthroughoutthe system,includingPyramidLake
inflow andelevation.

Thedatabasein the model reflects80 years(1901--1980)of monthly average
flows at key locationsin thesystemfor simulation,exceptit usesestimatesof
futuredemandin the TruckeeMeadowsareabasedupon plannedacquisitionof
water rights, conversionof water usefrom agricultureto municipal and
industrial, and changesin runoff causedby urbanization. Thedatabaseis also
adjustedto reflect estimatedfuturedepletionsin the Lake TahoeBasin (
WestpacUtilities 1989; Cobb et al 1990). All otherdemandsin thebasin
includingCalifornia depletionsdownstreamfrom LakeTahoe,Newlands
Project,cui--uispawningflows, and irrigation downstreamfrom Derby Dam
canbe held constantat currentlevelsand all existing storageand diversion
structuresareassumedto be in placeandoperatingfor the 80--yearperiodof
record.

TheCui—ui Model simulatesthereproductiveresponseof the assumedcul--ul
population to changes in environmental conditions (primarily lower Truckee
River flow) over time. It incorporatesa numberof biological parameters
fecundity, eggviability, temperaturetolerance,mortality rate,and population
size — and physicalparameters- -lakeelevation,river access,attractionflow,
and flow/temperaturerelation - -tocalculatean annualpopulationindex. Only
femalesareaccountedfor becausethey are the limiting factorin spawning.
The index respondsto fluctuationsin monthly aswell asannualhydrologic
conditions; the indexesproducedby variousoperatingplanscanbe readily
comparedto evaluaterelativeimpactsto cui—ui reproduction(Buchananand
Strekal 1988).

Unlike theprobabilistichydrologic(i.e., stochastic)database,the 80--year
hydrologicrecordonly indicatestherelation of proposedconservation
measuresto pastconditionsand so cannotbe usedto predict futureconditions
and impactsto cui--uisurvival. Usedin conjunctionwith thehydrologic
model, the 80—yeardatabaseprovidesa rapid method for evaluatingthe
relativebenefits(i.e., increasedinflow to PyramidLake) of conservation
measures. Such a data base cannot, however, be used to determine the
adequacyof a conservationmeasure;only a probabilisticdatabasecanbe used
for sucha purpose. A detaileddiscussionis providedon appendixpagesB--3
and C--2.

A seriesof likely future waterdemand/managementconditionsand various
water--savingand habitatrehabilitationmeasureswere evaluatedwith the
negotiationmodel. Four alternativeswere developedwhich incorporatedfour
scenariosand a seriesof optionsand suboptions. The model was run for the
80--yearhydrologicrecord for threeof the alternatives. Resultsfor inflow to

D- -3



PyramidLake (averageannualvalue)and cui--uiindex from thoserunswere
then compared to those of the “Base Run” (i.e., with currentwater
management procedures and currentwater demandsfor severalparameters)to
comparerelativebenefits(absolutebenefitscan only be quantifiedusing a
stochastichydrologicdatabase). This modelingapproachwasusedto identify
the measure(s)which might achievethe annualsupplementalwater requirement
for reclassification(40,000acre--feetimmediate,or 45,000acre--feetsecuredat
5,000acre—feet/year) and delisting (70,000or 110,000acre—feet,respectively)
(AppendixC). The stochasticdatabasewas only usedfor the fourth
alternativeto determinelikelihood of cui--uipersistence.

Alternatives— The four alternativesexaminedifferent managementapproaches
for the lower Truckee River:

o Alternative 1 is predicatedupon currentmodeledconditionsincluding
1988 OperatingCriteria and Procedures(OCAP) for the Newlands
Project;

o Alternative2 modifies diversioncriteria for the NewlandsProjectby
reducing LahontanReservoirtargetstoragelevelsconcurrentwith
reduced demand: January-June target levels were reduced to 185,000
acre—feet for Option 1 and in 5,000 acre—foot increments for consecutive

• options to 165,000 acre—feet for Option 5; December storage limits
were similarly reduced (to 170,000 acre—feet for Option 1 and in 5,000
acre—foot increments for consecutive options to 150,000acre--feetfor
Option 5);

o Alternative3 assumesthat rehabilitationof the lower TruckeeRiver
channelreducesthe May/Juneminimum spawningflow requirementby
300 cfs (= 18,000acre—feet/month),an equivalentriver temperature
reductionof 10F;

o Alternative4 assumesthat structuralimprovementsin the Truckee
River delta graduallyreduceelevationrequiredfor fish passagefrom
3,812 to 3,800 feet (m.s.l.).

Scenarios— Four scenariospresentvariouswater managementapproachesfor
the upperTruckeeRiver:

o Scenario1 (referredto as the “base” scenario)representscurrentupper
basinreservoirmanagementpracticesand currentCaliforniademand
for TruckeeRiver water;
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o Scenario2 incorporatesthePSA to operateupperTruckeebasin
reservoirswith currentCaliforniademand;

o Scenario3 increasesCalifornia demandfor TruckeeRiver waterby
8,000 acre—feet/yearabovethecurrent level with PSA in effect.

o Scenario4 increasesCalifornia demandfor TruckeeRiver waterby
12,000acre--feet/yearabovethe currentlevel with PSA in effect.

Options - -Eightoptionswere identified to successivelyreduceNewlands
Projectirrigation waterdemand(TableD—l):

o Option 1 (“base” option) assumesthat total irrigated water—righted
acreagefor the project is 64,000, asspecifiedin 1988 Operating
Criteria and Proceduresfor the NewlandsProject(OCAP) - -options1
through7 reduceNewlandsProjectrelativeto the base;

o Option 2 adjustsNewlandsProjectirrigated water—rightedacreageto
59,000;

o Option 3 incorporates Option 2 and further reduces demand by
adjusting bench and bottom land designations (which changes water
duty) accordingto revisedproject maps;

o Option 4 incorporatesOptions 2—3 and further reducesdemandin
conformancewith assumedchangesin Fallon Naval Air Station
irrigation practice;

o Option 5 incorporatesOptions 2--4and further reducesdiversion to the
NewlandsProjectas a resultof water right purchasesfor wetlands(the
waterduty is reducedwhenirrigation rights aretransferredto
wetlands);

o Option 6 incorporates Options 2--5 but with TruckeeDivision water
rights purchased for PyramidLake;

o Option 7 allows Newlands Project delivery of Truckee River water only
to the TruckeeDivision;

o Option 8 eliminatesall diversionsto the NewlandsProject.

Suboptions— Suboptions apply an efficiency factor to Newlands Project water
distribution to adjust project demand (Table D—l). Efficiency is the total water
delivered to all farm head gates in the project divided by the total water
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releasedto the project,expressedasa percent — higherefficiencyproduces
lower demandif all other factorsremainconstant:

o SuboptionA efficiency is 68.4% as specified in 1988 OCAPto be
achievedin 1992 and for future years;

o Suboption B efficiency is 75 %, a condition which will be evaluatedin a
feasibility study requiredby P.L. 101—618.

“Base condition” provides a basis for comparing relative benefits for all
conservationmeasuresto currentoperations. It is theBaseOption with
Suboption A (annual Newlands demands of 320,000 acre—feet) under Scenario
I (no PSA and currentCalifornia waterdemandfrom the TruckeeRiver) for
Alternative 1 (Newlandsdiversionsgovernedby 1988OCAP, i.e. diversion
criteria EIO, and no structural changesin the lower TruckeeRiver). It is
readily identified in model resultsby a “0” relativechangein flow or cui—ui
index. It wasalso thebasefor model runsdescribedin Appendix C. Input
datafor the NegotiationModel arepresentedin Table D—2.

RESULTS

Alternative1 - -Absentoperationalmodificationsor structuralchangesin the
lower TruckeeRiver, model results(FigureD—l) suggestthat inflow to
PyramidLake generallyincreasesasdemandfor TruckeeRiver water
decreases.Implementationof PSA doesnot markedlyaffect annualaverage
inflow comparedto thebasecondition. Inflow to Pyramid Lake might be
increased by implementing several of the Newlands Project options described
above. Increasingproject (or other)efficiency increasesthelikelihood that a
target flow can be achieved, and increasing California (or other) demand from
the TruckeeRiver decreasesit.
Figure D—2 illustratesthat thecui—ui population index generallyincreasesas
Newlandsdemanddecreases.While PSA doesnot increaselower river flow,
it doesproducea higherindex than the basecondition. Increasesin upper
basindemandinitially producea lower index than thebaseandconsistently
lower than the PSA—only option. The benefit of PSA is in improved timing of
lower river flow, i.e., water storedin upperbasin reservoirs(credit water) is
releasedto augmentand equalizecui—ui spawningflows to enhance egg
development and recruitment of young; hence, the index (population) is
greater.

Alternative2 — Criteria for diversionof theTruckeeRiver to the Newlands
Projectwere modified to compensatefor reduceddemand. Increasesin inflow
aregreaterfor eachscenarioand option for Alternative2 comparedto those
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for Alternative 1 asexemplifiedby the basescenario(FigureD—3). Thecui--ui
index is sensitiveto changesin project diversions;index responseis markedly
greaterfor eachscenariocomparedto Alternative1 (FigureD--4). In addition
to increasingannualinflow to PyramidLake, modified diversion criteria
tailoredto cui—ui reproductiverequirementsundoubtedlyincreasespawning
flows.

Alternative3 — Rehabilitationof the lower TruckeeRiver could promotecui—ui
spawningas a supplementor complementto increasedflow. Reducingthe
May/Juneflow requirementhad a minimal effect on lower river flows but did
increasethe index comparedto thebaseconditioncondition (FigureD--5);
relativebenefitswere similar in magnitudeto thoseobtainedin Alternative2.

Alternative4 — Lowering the elevationof the delta can improvepassagefor
cui--uispawnersand, thus, reproductivesuccess(FigureD--6). Resultsfrom
the stochasticanalysis(Appendix A) for deltapassagethresholddemonstrate
that the volume of supplemental water for the lower Truckee to achieve
equivalent levels of persistence varies directly with delta elevation. Simply
stated, spawning success and recruitment increase as passage becomes less
restrictive. Supplemental flows for reclassification and delisting could be
reduced considerably if the delta were lowered by 4 (3,808) to 12 (3,800) feet.

DISCUSSION

Severalopportunitiesexist to increaseinflow to PyramidLake by the
equivalent of 40,000--70,000 acre—feet/year (acquired immediately) to meet the
recovery objective. The alternatives were based upon anticipatedchangesin
water management and possible changes in Newlands Project operation. They
were intended to identify relative magnitude of water—savings. Because such
simulations are based upon an 80--year scenario that will not likely recur,
differencesamongalternativesshould not be consideredas absolutesbut as
indicatorsof possiblewater--savingmeasures.Recommendedmeasureswill
likely needto be modified (and perhapsnewalternativesdeveloped)as the
hydrologicand biological recordsareexpanded,modelsare improved,and the
effectivenessof implementedmeasuresis evaluated. Also, alternativeswere
developedirrespectiveof economicor political constraints;somemay not be
achievable.

Water—rights purchase was introduced as the most straightforward means of
securingthewater identified to achievethe recoveryobjective.’ Purchaseis
dependentupon wateravailability and funding. In the upperTruckeebasin,

1This analysis is not intended to imply that any water rights have been

solicited for purchase or that they have been offered for sale by any party.
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the mostreadily identifiablewater rights (surfacewater irrigation) for purchase
are in the Truckee Meadows area and in the Truckee Division of the Newlands
Project. Available irrigation water rights in TruckeeMeadowscould increase
average lower Truckee River flow by approximately 50,000 acre—feet;
assumingthe equivalentof $3,500/acre—foot,purchaseof theserights would
cost approximately$175 million. Purchaseof activewater rights in the
TruckeeDivision could increaseaveragelower river flow by approximately
26,000acre--feet;assumingthe equivalentof $1 ,000/acre—foot,this alternative
would costapproximately$26 million. The total cost to increaseinflow to
Pyramid Lake by 70,000 acre—feet strictly by purchase of water rights above
Derby Damwould be $180--195 million; for 40,000 acre--feet, the cost would
be $75—140 million.

Therearealsoapproximately30,000acre—feetof irrigation water rights along
the lower Truckee River. Assuming $2,500/acre—foot, this alternative would
cost $75 million.

There is also a water right for diversionof 60 cfs from the Little Truckee
River to SierraValley, Californiaduring the irrigation season(March 15—
September30). Dependentupon runoff, delivery to that water right has
rangedfrom 2,000 to 9,000 acre—feet/year;averagedelivery is approximately
6,000acre—feet/year.At $2,500/acre-foot,acquisitionof that water right
would cost $15 million. This watercould be readily stored in Stampede
Reservoirand, thus, gives an additional benefitof controlledrelease.

Acquisition of a water right without a correspondingstorageright diminishes
the benefit of that water right becausewatercanonly bedeliveredwhen
available(dependingupon priority of that right and runofO and thereis no
protectionof supply in the eventof a drought. Also, thereis increasing
competitionin the basinfor water rights for wetlandsand municipal and
industrial supply. Water rights may not be available when funding is provided
for purchaseor the costof thoserights may escalate. Thus, less waterthan
anticipatedmight result from an identified source.

TheNewlandsProjectis identified asa primary sourceof water for cui—ui
recovery because it contains the largest block of water rights at the lowest cost
that creates a demand for Truckee River water — directly, to the Truckee
Division along theTruckeeCanal,and indirectly, to LahontanReservoirto
supplementCarsonRiver runoffand as carryoverstorage. Developmentof
criteria and procedures to establish an equitable distribution of water between
Newlandsand PyramidLake hasbeenthe subjectof protractedlitigation and,
most recently, legislation (P.L. l0l—6 18).

D-8



Improvementin waterdistribution systemefficiency and a variety of land use
and operationalchangeson the NewlandsProject (asenumeratedin Table D--l)
could alsoincreaseinflow to PyramidLake. Within thecontextof the
Negotiationmodel, reductionsin project demandof 29,000,49,000and
73,000acre—feet/yearwould increasePyramidinflow by approximately
18,000, 29,000and 41,000acre--feet/year,respectively,assumingbase
conditions. Diversion of TruckeeRiver water to the TruckeeDivision only
(i.e., no diversionto LahontanReservoir)would increaselower river flows by
approximately84,000acre--feet.Closureof theTruckeeCanalwould increase
inflow by 115,000acre—feet. Any of theserelativebenefitswould be
diminishedby increasesin otherdemands(e.g., California) in thebasin.

As shown above,neitherdirect purchaseof TruckeeMeadowswater rights nor
reductionin diversion to the NewlandsProjectgivesthe equivalentbenefit to
PyramidLake. Thedelivery of water throughoutthe basin, asregulatedby a
panoplyof orders,decrees,agreementsand criteria, is dependentupon the
hydrologic cycle. Diversion of water to upstreamwaterright holderswill be
determined by the daily or (in terms of the negotiation model) monthly runoff
as well as the annual amount — PyramidLake would likely receiveless water
during a drought. Shortfalls in storage as a result of drought would be
replenished in a succeeding year which, even if slightly above normal, would
limit lower Truckee River flow.

The importance of timing of lower river runoff to supplement spawning flows
has been emphasized along with volume (Buchanan and Strekal 1988).
StampedeReservoiris theonly storagefacility currently serving that function,
althoughP.L. l0l—618 also designatesProsserCreekReservoir(i.e., storage
not needed for Tahoe—Prosser Creek exchange) to be used for Pyramid Lake
fishes. Development of an Operating Agreement (Agreement) for upper
Truckeebasin reservoirs as prescribed in P.L. l0l—618 will expand that
supplementationfunction. The PSA option illustrated the importanceof
coordinatingreleasesto enhancespawning(FigureD—2). Incorporationof that
Agreementinto river operationswill complementwateraugmentationplansto
achievethe recoveryobjective. The Agreementthat is finally adoptedmay or
may not be identical to the modeledPSA. It is assumedthat the Agreement
will integrate operation of Tahoe Damwith that of other basin reservoirs to
provide storage and releases to meet basin water--right demands and criteriafor
cui--uirecovery. A monitoringprogramwill be requiredto determinethe
effectiveness of the Agreement in meeting these objectives.

Diversion criteria presentedin OCAP are predicatedupon a project demandof
320,000 acre--feet. Target storage levels for January—June were reduced by an
amount corresponding roughly to reductions in annual project demand.
Changes in Newlands Project diversion criteria could increase inflow to
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PyramidLakeby a marginalamount. Thereal benefit of suchchanges,
however,appearsto be increaseof spawningflows. Improved timing of
supplementarywater, asshownin FigureD--4,in conjunctionwith reductionof
diversionsis a reasonableapproachto recovery.

An additionalalternativeto improvetiming of spawningflows hasdeveloped
from a needto reducethe impactsof sewageeffluent from the Reno—Sparks
area. Effluent (from 20 to 60 million gallons/day)would bepiped to Dodge
Flats (along the lower TruckeeRiver partly within the PyramidLake Indian
Reservation)for treatmentby rapid infiltration to groundwater. Thepotential
groundwaterreservoirof 150—170,000acre—feetcould be pumpedasneededto
promotecui—ui spawning. Computersimulationsincorporatingpresent
NewlandsProjectdemandand full California demandwith PSA and the Dodge
Flatsalternativeproducecui—ui indicesasmuch as 67,000greaterthan the
basecondition (SierraHydrotech1990), similar to resultsobtainedby reducing
Newlandsdemandby approximately90,000acre—feet/year(and equivalentto
increasingPyramidLake inflow by 65,000acre—feet/year).This alternative
addsno additionalwater to the lower river — thecui—ui index increasesbecause
the DodgeFlats groundwaterreservoiris operatedin a mannersimilar to
StampedeReservoir,i.e., to augmentspawningflows. This alternative
assumesthat groundwatercanbepumpedto meet the instreamcui—ui spawning
requirementand that waterquality (particularly total dissolvedsolids, nutrients
and temperature)will not impacteggand larvaedevelopmentin the river or
biotic diversity in the lake. Programdevelopmentfor this alternativehasbeen
postponedpendingcompletionof a coordinatedregional water resourcesstudy.

Rehabilitationof the lower TruckeeRiver channeland floodplain hasmany
apparentbenefits- -stabilizationof river banks,substrateand the delta, and
energydissipation- -buttheprimary benefitmodeledis temperaturereduction.
Reestablishmentof a treecanopyand deepriver channelwould cool the water
which would increasesurvival of eggsand larvae. Coolerwaterwould reduce
the instreamflow requirementby an averageof 300 cfs/monthin the model
for both May and June. This in turn would generallyallow more fish water to
remain in storagefor releasein a succeedingdrier year in which normal lower
river flow would be insufficient to promotecui--uispawningand recruitment.
Figure D—3 indicatesthat restoringthe river channelis potentiallyequivalentto
increasinglower river flow. Typical recommendationsfor rehabilitationhave
includedchannelregrading,dredging,riprap and gabion bankprotection
(Water Engineeringand Technology 1983; U.S. Bureau of Reclamation1982,
1983). A recent study of the river hasconcludedthat thechannelcanbe
stabilizedby reestablishingthe riparian forest (Jonesand Stokes 1990).
Pursuantto P.L. 101--618the U.S. Army Corpsof Engineers(COE) hasbegun
a reconnaissancestudy to assesshow to achievestability of the lower river. In
the absence of an approved rehabilitation plan, it is difficult to determine the
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effectiveness,costsor a schedulefor completionof sucha project.

Efficacy of improving deltapassagecannotbe evaluatedusing the standard
hydrology of the negotiation model - -belowa certain elevation threshold all
results are identical; thus, the stochastictechniquewas utilized to introduce
hydrologicvariability. Resultsof stochasticanalysissuggestthat maintaininga
lower thresholdpassagethroughtheTruckeeRiver deltacould increasecui--ui
reproductivesuccessand reducethe incrementalwater requirementfor
recovery. Typical recommendations for lowering the delta haveincludeda
regular dredging program, riprap, and flow deflectors. As with lower river
rehabilitation, there is currently no approved plan to correct the situation nor
any cost or construction schedules, but COEhas been directed to study the
problem of delta passage. Again, the effectiveness of such a project cannot be
anticipated;maintenanceof structuralunits mustbe considered. Augmentation
of lower river flows would achievethe sameresultsasexcavatingthe deltaand
would requireno operationand maintenancebudget.

Overdiversionof TruckeeRiver water to the NewlandsProject(relative to a
court--decreeddiversionallowance)from 1973 to at least 1985 may have
exceeded800,000acre--feet.Recoupmentof that watermay be the most
immediatemethodto initiate recoveryactivities. Distributedovera numberof
years,delivery of a portion of that water to PyramidLake eachyear would
increaseinflow andprovidea short—termbenefit while otheralternativesare
beingdevelopedand implementedfor long--termbenefitand eventualdelisting.

Thealternativespresentedin this analysishavebeendevelopedirrespectiveof
potentialpolitical and economicrestrictionsor conflicts and of environmental
impactsother thaninflow to PyramidLakeand cui—ui spawningand recovery.
Possibleeffectsof reducingNewlandsProjectdiversionsand increasing
efficiency include reducedagricultural productionand depressedagricultural
economy,lossof wetlandsfrom reduceddrainageof degradedquality, and loss
of fish, wildlife, and recreationalvaluesat LahontanReservoir. Many of the
items havebeenincludedin P.L. l0l—618 and compliancewith the National
EnvironmentalPolicy Act, EndangeredSpeciesAct and various otherlaws,
regulationsand ordershasalreadybeen identified.

Computersimulationsof the alternativesindicatea numberof promising
measureswhich, individually or in combination,might result in recoveryand
eventualdelisting. As measuresare implementedand additionalhydrologic
andbiological dataareobtained,stochasticanalysiswill needto beperformed
to evaluaterelativesuccessin achievingtherecoveryobjective. Reductionof
diversionsfrom theTruckeeRiver in conjunctionwith a limit on future
demandsshould prove beneficial to cui—ui. Reductionsonly providebenefits,
however, relativeto an ideal condition; magnitudeof benefitsdepends
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ultimately upon runoff.

SUMMARY

Computersimulationsindicatethat the following measures,if implemented
individually and immediately, might provide the annualequivalentof 70,000
acre--feetfor delistingor 40,000acre—feetfor reclassificationof cui—ui:

o purchaseof water rights in TruckeeMeadows,SierraValley, Truckee
Division of the NewlandsProject,and/orlower Truckeebasin
estimatedtotal cost$75—195 million;

o reduceNewlandsProjectdemandby approximately80,000—l00,000
acre--feet— costunknown;

o reduceNewlandsProjectdemandby approximately40—80,000acre--feet
in conjunctionwith modifying diversioncriteria to compensatefor
reduceddemand— cost unknown;

o reduceNewlandsProjectdemandby approximately40--80,000acre--feet
in conjunctionwith rehabilitationof the lower TruckeeRiver to reduce
averageMay/Junetemperatures— estimatedcostunknown;

o lower passagethresholdof cui—ui through the TruckeeRiver deltaby
approximately12 feet — estimatedcost unknown.

Thesemeasuresmight also be implementedin variousdegreesand
combinationsto achievethe recoveryobjective. Additional measureswould be
requiredto achieveincreasesof 45,000to 110,000acre—feetin annualinflow
for recoveryif benefitsaresecuredat a rateof 5,000 acre--feet/year.

Implementationof an annualrecoupmentplan for excesswaterdivertedto the
NewlandsProjectwould providea short--termbenefittoward recovery.
Developmentand administrationcostsfor this measureareunknown.

RECOMMENDATIONS

All measurespresentedin this analysisshould be investigatedto determine
which one or oneswill producethegreatestbenefitsfor cui—ui. Measuresthat
costleastand thosefor which precedentand legislation havebeenestablished
are most likely to be implementedand should bepursued. It should be
assumedthat measuresaddressedin this analysiscannotbe implemented
immediatelyand that recoveryof cui—ui will requiremore than40,000and
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70,000acre—feet/yearidentified for immediatereclassificationand delisting,
respectively. It shouldbe assumedthat a total increasein annualTruckee
River inflow to PyramidLake of 45,000to 110,000acre—feetwill be required
for recovery(securedat 5,000acre--feet/year).

Recoveryefforts shouldemphasizemeasureswhich will improvecui--uihabitat,
increaserecruitmentto thepopulation,and leadultimately to delisting. A
combinationof nonstructural(water rights purchasesfor PyramidLake,upper
TruckeeRiver operatingagreement,and decreasingdiversionsfrom the
TruckeeRiver) and structuralimprovements(lower river floodplain,deltaand
fish facility rehabilitation)is required. Implementationof a combinationof
measureswill improvehabitatover a wide rangeof hydrologicconditions.

All proposalsto securewaterand improvehabitatfor cui—ui should be
evaluatedusing the stochastictechnique. Monitoring of measuresasthey are
implementedwill reveal benefitsachieved. Refinementsof hydrologic models

daily/hourly flows, temperatureprediction, and nutrient cycling - -will enable
more reliablepredictionsof waterquantity/quality. Incorporationof additional
biological datain the cui--uipopulationmodel will assistin determiningwhen
recoveryhasbeenachieved. The recoveryplan mustbe modifiedor revised
as conditionsin theTruckeeBasin changeand asdataon cui--uiareacquired.
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Table D-1: Annual Newlands Project demand which may
receive diversions from the Truckee River for various
Options —changes in irrigated acreage/water duties —

and Suboptions — changes in water distribution system
efficiency2

Suboption
A (68.4%) B (75%)

Acre—feet (xlOOOl

Option

1 (BASE) -Irrigated water righted
acreage = 64,000 320 293

2 - Irrigated water righted
acreage = 59,000 291 265

3 - #2 + Revised Bench/Bottom
land designations 282 257

4 — #3 + Modified irrigation on
Fallon Naval Air Station 271 247

5 — #4 + Purchase of 16,600 acres
for wetlands 258 235

6 - #5 + Purchase of Truckee
Division water rights 230 208

7 - No Truckee Canal delivery to
Lahontan Reservoir 28 27

8 - Truckee Canal closed 0 0

2 Options 1 (Base) through 6 represent total project demand (Carson and

Truckee Divisions); option 7 allows diversion from the Truckee River to the
Truckee Division, so only a portion of the project is represented; option 8
prohibits diversion from the Truckee River to the project.
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Figure D--1: I = Alternative; 1-4 = Scenarios (see text for
explanation).

ALTERNATIVE I: CURRENTDIV. CRITERIA
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Figure D-2: I = Alternative; 1-4 Scenarios (see text).
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Figure D—3: 1.11 = Alternatives; 1-4 = Scenarios (see text for
explanation).

ALTERNATIVE II: MODIFIED DIV. CRITERIA
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Figure D—4: 1,11 Alternatives; 1-4 = Scenarios (see text).
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ALTERNATIVE III: RIVER REHABILITATION
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Figure D--5: 1,111 = Alternatives; 1-4 = Scenarios (see text for
explanation).

ALTERNATIVE IV: IMPROVE DELTA PASSAGE
STOCHASTIC ~SPCq’JSE TO PYR. LI~. (.EVEL
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Figure D--6:
possible

Symbols indicate Pyramid Lake elevations
delta passage by cui—ui spawners.
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P.O. Box 727 — Code 243
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Wilson Barber
Area Director
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P.O. Box 10
Phoenix, AZ 85001
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Bureau of Land Management
Divison of Wildlife
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Washington, D.C. 20240

Billie Templeton
State Director
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Nevada State Office

P.O. Box 12000
Reno, NV 89520

LTC Robert A. Bauman
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Army Corps of Engineers
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Public Works Officer
U.S. Naval Air Station
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1677 Hot Springs Road
Carson City, NV 89706
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Program Manager Fisheries
Bureau of Land Management
Divison of Wildlife
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(903 Premier)
Washington, D.C. 20240

*Roger Patterson

Regional Director
Bureau of Reclamation
Mid—Pacific Regional Office
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Sacramento, CA 95825
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P.O. Box 640
Carson City, NV 89702--0640

Pat Nelson
U.S. Fish & Wildlife Service
Fish & Wildlife Service
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Denver, CO 80225

Guy P. Million
Chief
U.S. Fish & Wildlife Service
Office of Public Affairs
18th & C Streets
NW (3447 MIB)
Washington, D.c. 20240

Suzanne Mayer
Deputy Regional Director
U.S. Fish & Wildlife Service
Office of Research Support
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Arlington, VA 22203

Dr. Theodore Bjorn
U.S. Fish & Wildlife Service
Idaho Cooperative Fish &
Wildlife Research Unit
Moscow, ID 83843

*Duane L. Wainwright
Hatchery Manager
U.S. Fish & Wildlife Service
Lahontan National Fish Hatchery
710 Highway 395
Gardnerville, NV 89410

U.S. Department of Interior
Pacific Southwest Region
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San Francisco, CA 94102

*Larry Shannon
Chief
U.S. Fish & Wildlife Service
Division of Endangered Species
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U.S. Fish & Wildlife Service
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U.S. Fish & Wildlife Service
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Field Supervisor
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E—2



William F. Shake
Assistant Regional Director
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Environmental Protection Agency
Hazard Evaluation Division
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401 M Street, SW
Washington, D.C. 20460

Michael 3. Bean
Chairman
Wildlife Program
1616 P Street, NW
Washington, D.C. 20036

Alfred Fox
Director
U.S. Fish & Wildlife Service
National Fishery Research
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Fred Disheroon
U.S. Department of Justice
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Acting Administrator
U.S. Environmental Protection
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San Francisco, CA 94105

Audubon Society
Lahontan Chapter
P.O. Box 2304
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David Yardas
Environmental Defense Fund
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Oakland, CA 94618
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*Sierra Club
Toiyabe Chapter
P.O. Box 8036
Reno, NV 89507

Robert Wigington
The Nature Conservancy
1244 Pine Street
Boulder, CO 80302

Bill Snider
California Department of
Fish & Came
Environmental Services Branch
1416 9th Street
Sacramento, CA 95814

*Jeanine Jones

California Department of
Water Resources
3251 “5” Street
Sacramento, CA 95816—7017

Lew Dodgion
Nevada Division of
Environmental Protection
123 West Nye Lane
Carson City, NV 89710

*William Molini
Director
Nevada Department of Wildlife
P.O. Box 10678
Reno, NV 89520-0022

Jeff Baumgartner
The Nature Conservancy
2060 Broadway, Suite 23
Boulder, CO 80302

Fred Wright
Nevada Wildlife Federation
1122 Greenbrae Drive
Sparks, NV 89431

California State Clearing--
house
400 10th Street, #231
Sacramento, CA 95814

Peter Morros
Director
Nevada Department of Conservation
and Natural Resources
123 West Nye Lane
Carson City, NV 89710

John Walker
Nevada Office of
Community Service
State Clearing House
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Jeff Ziller
Oregon Department of Fish
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*Brandt Gutermuth

Utah Department of
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Honorable Richard Bryan
United States Senate
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Honorable Harry Reid
United States Senate
300 Booth Street
Reno, NV 89509

Sierra County
Planning Department
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County Commission
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County Commission
15 South Main Street
Yerington, NV 89447

Rene Reid
Washoe County
County Commission
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U.S. house of Representatives
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Kris Schenk
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Peter Sferrazza
Mayor
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City Manager
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Dr. David Hankin
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Joseph Burns
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*Robert S. Pelcyger
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Mayor
City of Sparks
431 Prater Way
Sparks, NV 89434

E. Pister
Executive Secretary
Desert Fishes Council
Bishop, CA 93514

Jones & Stokes
Library
2600 V Street
Sacramento, CA 95818

Ali Shahroody
Stetson Engineers, Inc.
2171 East Francisco Blvd.
San Rafael, CA 94901

Colorado State University
Documents Department
Colorado State University
Fort Collins, CO 80523

Dr. Paul Friesema
Northwestern University
Center for Urban Affairs
and Policy Research
2040 Sheridan Road
Evanston, Ill 60208-4100

E--6



Barbi Hayes
HDR Engineering, Inc.
8404 Indian Hills Drive
Omaha, NB 68114--4049

Carson—Truckee Water
Conservancy District
P.O. Box 2047
Reno, NV 89506

Harold Klieforth
Nevada Research Institute
Nevada Conservation Forum
P.O. Box 60220
Reno, NV 89506

Doug Busselman
Executive Vice President
Nevada Farm Bureau
Federation
1300 Marietta Way
Sparks, NV 89431

Kurt Kramer
Fernley Utility Manager
P.O. Box 9
Fernley, NV 89403

Tina Nappe
Lahontan Valley Wetlands
Coalition
3340 Berthoud Avenue
Reno, NV 89503

Elwood Lowery
Chairman
Pyramid Lake Paiute Tribe
P.O. Box 256
Nixon, NV 89424

John Champion
California Trout Inc.
130 Manuel Street
Reno, NV 89501

Carson Water Subconservancy
District
P.O. Box 10
Minden, NV 89423

Chairman
Fallon Paiute - Shoshone
Tribe
8955 Mission Road
Fallon, NV 89406

Elmer Rusco
Friends of Pyramid Lake
P.O. Box 8947
Reno, NV 89507

Carry Stone
Federal Water Master
290 South Arlington
Reno, NV 89501

Paul Wagner
Director
Pyramid Lake
Star Route
Sutcliffe, NV 89510

Fisheries

Frank Luchetti
Manager
Sierra Pacific Power Company
Environmental Affairs
P.O. Box 10100
Reno, NV 89520

E—7



*Lyman McConnell

Project Manager
Truckee—Carson Irrigation
District
P.O. Box 1356
Fallon, NV 89501

Washoe County Water
Conservation District
275 Hill Street
Reno, NV 89501

Larry Dunsmoor
Klamath Tribe
P.O. Box 436
Chiloquin, OR 97624

Dr. Dean Hendrickson
Curator of Ichthyology
University of Texas
Texas Memorial Museum
2400 Trinity University
Austin, TX 78705

Roderick Hall
P.O. Box 169
Placerville, CA 95667

Carl Dodge
1850 Manchester Circle
Fallon, NV 89406

*Dr. William Sigler

309 NE. 2nd. South
Logan, UT 84321

Dr. Peter Brussard
University of Nevada, Reno
Biology Department
Reno, NV 89507

Rick Rust
CRITSC
975 S.E. Sandy Blvd.
Portland, OR 97214

Peter McKone
Freese and Nichols, Inc.
1811 Lamar Street
Fort Worth, TX 76102

John Colberg
P.O. Box 64
Calpine, CA 96124

*Dr Don Sada

2689 Highland Drive
Bishop, CA 93514

David Hornbeck
1675 Lakeside Drive
Reno, NV 89509--3408

*Harold Tyus

1680 West Highway
Vernal, UT 84078

*Tom Barnes

LMR Fisheries Research, Inc.
11855 Sorrento Valley Road, Suite A
San Diego, CA 92121-1028

E—8



IF(CPS(1YGEQ1(l)ANO.CFS(2).GEQ1(1))GO TO 110

SURVIL = ZERO

SURVAL = ZERO

FSPWTCKYR) = ZERO

GO TO 150
C
110 IF(STG&LT.3812.00)GO TO 130
C
C CALCULATESURVIVAL WHENLAKE LEVEL IS ABOVE 3812.
C

K= 1
DO 120 .1=2,6
IF(CFSC1)LT.Q1(J))GO TO 121
KK+ 1

120 CONTINUE
121 SURVAL = AlCIC) + B1(K)*CFS(1)

GO To 140
C
C CALCULATESUVIVAL WHENLAKE LEVEL IS BELOW3812.
C
130 DO 131 .1=1,7

KJ
IFCCFS(2)LTQ2(J))GO TO 132
IF(JGE7)GO TO 121

131 CONTINUE
132 SURVAL = A2(K) + B2(K)*CFS(2)
140 C12 = ANINI(CFS(1)/CFS(2),CFS(2)/CFS(1))

IF(C12GEOAB51)C12 = 1.0
C

IF(STG4 LT. 3812. 00)THEN
SURVAL = C12*SURVAL

ELSE

SURVAL = SURVAL*(0 25 + 075*C12)
ENDIF

C
SURVIL = SURVAL

IF(IAGEGE31)SURVIL = A3(IAGE-30) + B3(IAGE-30)*SURVAL
C
150 COGE= AINT(SURVIL*l00.0 + 05)/100.

IF(KDBGGE. 1)WRITE(20, 10)K,IAGE,KYR,CFS(1) ,CFS(2) ,SURVAL,
1 SURVIL,COGF,C12

BCOGF(KYR) = SURVAL

RETURN
END

B—9



LITERATURE CITED

Begon, M. and M. Mortimer. 1986. Population Ecology - A Unified
Study of Animals and Plants. Second Edition. Blackwell Scientific
Publications. 220 pp.

Bovee, K. 1982. A Guide to Stream Habitat Analysis Using the Instream
Flow Incremental Methodology. Cooperative Instream Flow Service
Group. Instream Flow Information Paper: No. 12. 248 pp.

Buchanan, C.C. and T.A. Strekal. 1988. Simulatedwater management
and evaluationproceduresfor cui-ui(Chasmistescujus). U.S. Fish and
Wildlife Serviceand Bureauof Reclamation,Renoand CarsonCity,
NV. 19 pp and appendices.

Cobb, E.D., A.F. Olson, O.M. Moosburner, and A. Pupacko. 1990.
Review of selected water-management models and results of simulations
for the Truckee-Carson river system. U.S. Geological Survey Open-
File Report 90-393, Reston VA. 40 pp.

U.S. Bureau of Reclamation. 1986. Draft Environmental Impact
Statement for the Newlands Project ProposedOperatingCriteria and
Procedures. Mid-Pacific Regional Office, Sacramento, California. 252
pp.

B-b



APPENDIX C:

PROBABILISTIC CUI-UI RESPONSE

INTRODUCTION

A major factor which has contributed to the decline of the cui--ui (Chasmistes
cuius) population and the species’eventualdesignationasendangeredis
diversion of water from the Truckee River. Supplementation of lower Truckee
River flows, or its equivalent, is deemed the logical corrective action to
promote expansion and eventual reclassification or delisting of the species.
Standard computer—aided studiesutilizing a historic monthly hydrologicdata
base and demographic data of the species have proved useful in comparing the
relative value of water management plans to cui—ui. Such an approach,
though, cannot be used to determine which plan or plans are likely to lead to
recovery of the species. A probabilistic predictionof futurehydrologic
conditionsis required. The following analysisintegratessucha probabilistic
hydrologicaldatabasewith a biological computermodel to quantifythe water
supplementation requirement and scheduling to achieverecovery.

Because cui--ui femalesareeffectively reproductivelyimpotentafterage38, a
38--year sequence of dry years or years in which human water use is such as to
precludespawning,could be expectedto all but exterminatethe population.
Thereis no recordof drought lasting this long and no reasonto believe that
anthropogeniceffectswill producesucha long run of pooryearsfor the fish.
On the other hand, a few females may continue to breed beyond age 38, while
others may lose the ability at a younger age. Hence extinction must be dealt
with in a probabilistic manner.

There is no assurance the population would disappear after 38, or even 45
sterile years and, similarly, no guarantee it would persist after ten. The
biologist, or citizen worried about extinction, then, must be concerned with
probabilities that sterile year sequences, of whatever duration, will do
irreparable damage to the cui—ui. These probabilities are related to population
size. The chance in any given year that at least one male and one female fish
of reproductive age are present, and that at least one such female will spawn
increases with the number of individuals in a population. Thus the likelihood
of extinction risesmarkedlywith decreasingpopulationsize. Finally,
population size invariably drops in years without reproduction, and is likely to
drop, even if reproduction occurs, if low water levels limit the number of
spawners or survival of the eggs. It follows that even when poor conditions
occur in sets of much less than 38 years, a disconnected but sufficiently
proximate string of such short sequences easily could lead to the cui—ui’ s
demise.

C—l



Human—assistedrecoveryof a speciesdependson managingtheenvironmentin
such manner as to enhance reproduction and/or survival. The goal of this
managementmust be to minimize the frequencyof adverseyearsand the
length of adverseyear sequences,and to encouragemaximumreproductive
performancein yearswhenspawningoccurs. A numberof measures,
including the improvementof waterquality, would be helpful to cui—ui.
Becauseavailability of waterappearscurrently to be the critical limiting factor
on reproductionandearly survival, suchmanagementshouldconcentratefirst
on providing for increased(restored)water flows during the critical periodsin
which attraction,passage,and early developmenttakeplace. This, in turn,
will requirea decreasein the diversionof water from the TruckeeRiver
and/orimprovedwater management.

Becauseof the economicsandpolitics of water in this arid region,the
diversion of any water from its presentusemust becarefully justified. Will
supplementarywater result in cui—ui recovery? To answerthis questionit is
necessaryto predict future cui--uipopulationsas a function of the amountof
water restoredto the lower TruckeeRiver.

WHAT CONSTITUTES RECOVERY?

An endangered species can be said to have recovered when a management plan
which assures indefinite persistence with some acceptable level of probability
is implemented. Two terms requiredefinition.

“Indefinite” persistenceimplies continuedexistencein perpetuity. In practice,
this definition is not workable;evenundisturbedby humans,populations
eventuallydisappear. Naturalalterationsoccur in the environment;social
valuesand pressureschange. A moreworkableapproachis to consider
“indefinite” asa time spanreflectingdiminishing interestin moreand more
distant futureeventsby ourpresentsociety. Conservationbiologistsare fond
of thinking in termsof 1000 years. But when we stop to considerthat 1000
yearsago the Normanconquestwas still threegenerationsin the future, a
millenniumbeginsto seemlike a very long time. A more reasonableand, in
termsof a collective,societalattention span,realistictime frameis two
centuries. Accordingly, the definition of “indefinite” is takenin this report to
be 200 years. This value is similar to the250 yearsconsideredin “A
ConservationStrategyfor the Northern SpottedOwl” (Thomaset al. 1990,
AppendixM).

Thereis nevercertaintythat a populationwill persist (for 200 years). At what
level of “probability” arewe to be satisfiedthat a specieshasrecovered?
Thereis little to guideus in an answerto this question;being satisfiedis, after
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all, a matterof philosophyand values. In keepingwith standardstatistical
procedurefor distinguishingbetweena null hypothesis(extinction)and its
alternative,we suggest95 percent.

HYDROLOGIC DATA BASE AND MODEL

Becausecui—ui populationdynamicsarestronglydependenton hydrology,and
becauseacquiredwaterwould be only supplementaryto the underlyingnatural
hydrologicalevents,predictionsof future fish numbersmustreflect future
naturalhydrologicscenarios. Unfortunately, thesescenarioscannotbe known
with certainty. Thus it is necessaryto rely on probabilisticprojections. For
suchprojectionsto bevalid, the following criteria must beobserved:

1. Hydrologic sequences, like those of other naturalphenomena,are
generally autocorrelated.. .that is, a wet year might more likely be
followed by anotherwet yearthana dry one (or viceversa). Of course
the true pattern might be morecomplicatedthan this. For example,the
correlationbetweenadjacentyearsmight bepositive...wetyearsare
likely followed by wet years,while thecorrelationbetweenyears t and
t+2 might be negative. Any predictedfuture scenariomustreflect
suchautocorrelations.

2. Hydrologic eventsat onepoint in a watershedare almostcertainly
related,and thuscorrelatedwith eventsat otherpointsin the same
watershed. Any predictedfuture scenariomustalso reflect thesespatial
relations.

The information inherentin the abovetwo requirementscan be capturedby
describingtheprobability that a certain hydrologicalcondition will occurat
somepoint, A, as a function of what is happeningat points B, C, etc. and
what hashappenedat point A in previousyears. Such a descriptionis known
asa conditionalprobability densityfunction. If we possessedsucha density
function and if, in addition, we knewpoint A’s history and also the upcoming
conditionsat B, C, etc., we would beableto predict theprobability of the
upcomingconditionat A. If we were to obtain an expressionthat gavethis
probability for all points A, B, etc., simultaneously(a multivariateconditional
density function),we would beableto predict simultaneouslytheprobability
of any upcoming spatial configurationof conditionsover the variouspoints.

In fact, we could do better than this: we could producehypotheticalspatial
configurationsof conditions in proportionto their probabilitiesof occurrence
and thusgeneraterepresentativesamplingsof conditionsthat faithfully
reproducethe relationsin theobserved(historical) hydrologicaldata. By
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stringinga numberof suchoutputs together,year—after—year,we could even
producerepresentativesequencesof conditionsover as long a periodas we
wished. Thesesequencescould then be usedto predict hypotheticalscenarios
of cui--uipopulationdynamics,eachscenariobeing an equally likely future.
Then if for someregimeof supplementarywater, 20 (say)out of every 100
suchsimulationsled to populationdie off, we couldconcludethat the chance
of extinction under this particularregimewas 20 percent.

Usinga computeralgorithmdevelopedat theU.S. Bureauof Reclamationby
W.L. Laneand D.K. Frevert(1989),we generateda multivariateconditional
densityfunction basedon an 89—year(1901-1989)hydrology dataset covering
15 locationsin the Truckee—Carsonwatershed. Thevariance--covariance
structureamonglocationswaspreservedas well asone- -andtwo—yearserial
correlations. In theabsenceof reasonsto believeotherwise,it wasassumed
that the temporaland spatialstructureof the hydrology so describedfor the
past89 yearswould continue to characterizetheTruckee—Carsonsystemfor
the foreseeablefuture. Accordingly, a representativesamplingof possible
future scenarioswasconstructedby using this multivariatefunction to generate
200 “stochastictraces” (equallylikely sequences)describingflow at several
key locations These,in turn, were usedas input to the Cui—ui Model (see
below).

TheTruckee—Carsonhydrologicmodel useshydrologicdatafrom severalkey
locationsin thetwo river basins. Eleven parametersderivedfrom thesedata
are input to the model for every monthof every yearof record. Releases
from StampedeReservoir,reflecting Corpsof Engineersflood control
regulationsand legal mandatesfor threatenedand endangeredfish species,are
incorporatedinto this model, asarediversionsfor agriculture. Reservoir
storagevolumesareinitiated at April 1990 levels,and seasonaldistribution of
irrigation demandand reservoirevaporationareassumedto beconstant.
Municipal and industrial demandsare set at future (i.e., year2015) levels; the
Truckee River is assumed to be fully appropriated with all water rights
activatedso demanddoesnot increasein the future. Eventually, lower
Truckee River flow and Pyramid Lake level are computed (see Buchanan and
Strekal,1988).

CUI-UI MODEL

To project cui—ui numbersinto the future we madeuseof a single—species,age--
projection(Leslie) matrix with reproductionrateswritten asfunctionsof
hydrologicalinput. Reproductionrateswere characterized,on an age--specific
basis, astheproductof a female’slikelihood of joining thepre--spawning
aggregate(relatedto attraction flow from the TruckeeRiver), likelihood of
passage into the river (dependent on lake level), and survival of the eggs (a
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function of river flow). Specific relations are provided in Buchanan and
Strekal (1988,Appendix C).

Density dependenceacts, at leastin part, via limits on the numberof
potentially spawningfemalesthat canmigratethroughthe restrictedpassages
leadingupriver. Basedon observationsof migrating femalesand the natureof
the Marble Bluff Fish Facility (fishwayand river trap) throughwhich the fish
must pass,the maximumpossiblerun was set at 100,000females. Other
densityeffectsprobablyoccur,but information is not availableon their mode
of action or their intensity. It was necessary,therefore,to ignore them in the
model and to considermodel outputto err on the side of overestimationof
femalenumbers. Severalchangesin the model and in demographicparameter
estimateshavebeenmadesincepublicationof the 1988 report cited above:

1. Basedon discussionssince1988, cui-ui survival from age2 to age7
yearswas re—estimatedto be 0.444 (i.e., 0.85/year),and yearly,after
age7, at 0.85. The ageoneto agetwo survival estimateremained
unchangedat 0.75. Dataareunavailablefor survival from larval stage
to ageone year, but 0.001 is at the upperend of valuescharacteristic
of fish with broadcastlarvaeand fecundity on theorder of that
displayedby cui—ui (Dahlberg, 1979).

The accuracyof this valuefor larvaesurvival can be crudelyevaluated
if we notethat adults in 1990 (estimatedat 300,000...Pers.Comm.,
G.G. Scoppettone,U.S. Fish and Wildlife ServiceRenoField Station,
Reno, Nevada)musthaveariseneither from larvaeproducedin 1981
or 1982 - virtually no 7—year olds are recruited into the (countable)
adult population,and virtually all fish arematureby age9 — or from
adultspresentin 1989. Numberof femalelarvaeproducedin 1981 and
1982, basedon fecundity estimatesand thesizeof the spawningrun,
were 14,000and 12,550,500,respectively(for theseand following
larvae numbers,seeBuchananand Strekal,1988, Table C—5).
Hatcheryinput added104,000and 450,000young. Becausesurvival
from age 1 to age2 is approximately0.75, that from age2 to 7 years
is about0.444,and subsequentyearly survival is 0.85, the contribution
of 1981 and 1982 larvaeto the 1990 adult populationshould be
approximately,
(28,000±208,000)(.00l)(.75)(.444)(.85)2
+(25,101,000 + 900,000)(.00l)(.75)(.444)(.85)

— 7,416.

The contribution via existing adults can be calculated from the
estimated(adjustedPetersonmethod) 1983 populationof 146,000and
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the contributions of larvae from year classes 1976-1980 (corresponding
to adultsenteringthepopulationbetween1984 and 1988). Using
larvae estimatesprovided in Buchananand Strekal(1988),this becomes

+ (33,000+ 747,000)(.00l)(.75)(.444)(.85)6
+ (1 ,835,O00)(.OOl)(.75)(.444)(.85)~
± (57,000 ±5,663,000)(.0Ol)(.75)(.444)(.85t

+ (87,000+ l,OO0)(.00l)(.75)(.444)(.85)~
+ (1,507,000+ 3l7,000)(.001)(.75)(.444)(.85)~

— 48,144.

Basedon a larvaesurvival rateof .001, then, theprojected1990 adult
population is 7,416 + 48,144 = 55,560. This is short of the estimated
true value by a factor of 5.4 (= 300,000/55,560).Hencewe must
consider0.001 to be a minimal estimateof larvaesurvival. Because
0.001 seemedalreadyhigh basedon generalecologicalconsiderations,
a revisedvaluefive times that size seemsinconceivable. In addition, it
is entirelypossiblethat either the 1983 or the 1990 populationestimates
could be in error. Accordingly, 0.003 waschosenasa compromise
upper limit on estimatedsurvival. On thepresumptionthat the truth
should lie somewherebetweenthe minimal and maximal estimates,
0.002 waspicked asthe “best guess”value.

2. If the level of Pyramid Lake were to exceed3,848 feet (meansea
level), the heightof theMarble Bluff Dam spillway, waterwould
inundatethe delta,enhancingfish passageto the damand,once the
spillway was topped,hugely facilitate transportupstreamof the dam.
To reflect the correspondingbenefits,numberof spawnerswas
permittedto doubleunder this scenario. Doubling would effectively
permit utilization of all currently identified spawninghabitatby a
maximumof 200,000femalespawners.

No information exists on year—to--year variability in demographic parameters.
This being so, and inasmuch as existing variation is almost certainly not
independentof hydrological events,it seemedfoolhardy and almost certainly
misleadingto model birth and deathasstochasticprocesses.Qualitatively,
fecundity and probably also survival vary positively with water flow.
Therefore, as the variance in these parameters increases, the severity of
droughteffects is magnifiedand population growth is curtailed. By utilizing
fixed values, the model again errs (as with the treatment of density
dependence)on the side of overestimatingnumbers.

A population of two individuals cannot reproduce, even under ideal conditions
if both fish are of the samesex. Undersuchcircumstances,and occasionally
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underevenless stringentconditions,a real populationwould die out. The
model, by ignoring this sort of statisticalvariation in fecundity, ignoresalso
the correspondingpossibility for extinction. In principle, this, yet again,
meansthe model might err on the optimistic side. In fact, however,very few
of the simulatedpopulations,evenunderconditionsof no supplementary
water, ever fell below about50 individualswithout eventuallygoing (and
being recordedas) extinct.

To simulatethe effectsof supplementarywater on future populationdynamics,
a total supplementarywaterbudgetwasdecidedupon, and incrementsof water
were addedto the zero—supplementwater levels, month by month, in amounts
proportionalto the historic meanmonthly flows for JanuarythroughJune.
The simulationswere initialized to 1990 conditions using a populationdensity
structurebasedon estimatedexisting adult femalesandback—calculatinglarvae
numbersfrom theseestimatesalong with thepresumedmortality rates.

RESULTS

To identify the amountof supplementarywater neededfor recovery, two sets
of simulationswere run. In the first, 200 stochastictraceswere usedto drive
the cui—ui mode] utilizing the lower estimate(0.001)of early survival, the
upperestimate(0.003)of early survival, and the intermediate“best” estimate
(0.002). Supplementarywaterwasaddedinto the systembeginningin the first
yearof simulation(1991).

The secondset of simulationswasdesignedto illustrate theconsequencesof
procrastinationin recoveryefforts. Theserunsdiffered from thoseof the first
set in that, in keepingwith political and economicrealities,supplementary
waterwasnot addeduntil 1994, and then was allowed to increment,in equal
steps,until the full yearly allotmentwas reached. Only the “best” estimate
(0.002)of early survival was usedin thesesimulations.

Resultsfrom the first set of runsare shownin Figure C— 1. Theuncertaintyin
thevalue of larvae survival, p~, is retlectedin theareabetweenthe upper (p1
= 0.003)and lower (p3 = 0.001)curves. Examiningthesecurvesand
utilizing a decisionmaker’sprerogativeto set the satisfactorylevel of certainty
on persistenceat 95 percent,it canbe seenthat between45,000and 115,000
acre--feetof waterwill be requiredbeforethe populationcanbe said to be
capableof recovery(95 percentof equally likely futurescenariosleadto
survival for cui—ui over 200 yearsor more). The gulf betweentheseestimates
of requiredwater representsthe extentof ouruncertainty(vis a vis model
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predictions). This region is currently very wide, but it canbenarrowed,thus
resolvingpotentialconflict betweencui--uiadvocatesandopposingpolitical and
economicinterestswith improveddataon demographicparametervalues.
Researchcontinues,and asnew, improvedestimatesbecomeavailable,Figure
C--lwill continueto be revised. For the moment,we concentrateon the
intermediate “best” estimate results. The conclusion, in this case, is that cui--
ui hasonly a 50--50chanceof survival if no supplementarywateris available
(baselinecondition). Recoveryrequiresthat the annualinflow to Pyramid
Lakebe increasedby about70,000acre—feet.

If this waterwere madeavailableimmediately,and if the model were known
to be accurate,cui--uicould beconsideredrecoveredin 1991. Becausethe
model and its input parameter(demographic)valuescannotyet be considered
exact, however, the term recovered,asusedabove,must be usedtentatively.
Assuranceof recoverywill requiremany yearsof monitoringand data
refinement.

Lowering our sights somewhatand choosingan 85 percentcertaintylevel of
persistence,reclassificationto threatenedstatuswould occurwith the annual
additionof between15,000and 100,000acre--feet(correspondingto larvae
survival = 0.003 and 0.001, respectively). The “best” estimateis about
40,000acre--feet.

A cautionarynote: recall, becausethe model minimizesdensity feedbackand
doesnot incorporaterandom, year—to-yearfluctuationsin mortality and
fecundity, that predictedpopulationsareoverestimated.Thus the40,000and
70,000acre-footfiguresprobably err on the low side. Theselevels were
selectedas the thresholdsfor reclassificationand delisting, respectively.

Therelations shownin Figure C—l presumean immediateaddition of the full
yearly complementof supplementarywater. It is unrealistic,though, to expect
immediate acquisition. Accordingly, simulations were run for which
supplementarywaterwas first acquiredin 1994, and then incrementallybuilt
up eachyearin amountsof either 3,000or 10,000acre—feet. Becauseeach
yearof less than the estimatedneeded70,000acre—feetresults,on average,in
populationdecline, thesemore realistic schemesare likely to requirehigher,
maximal supplementarywater flows than thosein which waterbecomes
immediatelyavailable. Resultsof the runs (FigureC—2) show that when water
is acquiredin 10,000acre--footyearly increments,the eventual,sustained
amount of supplementary water needed is 88,000 acre--feet; recovery will take
2+[88,000/l0,000] = 11 years(by theyear2003). In the caseof 3,000acre--
foot yearly increments, recovery will require well over a total of 120,000 acre--
feet. Inasmuchas this amountof water is not realisticallyobtainable,recovery
will not occur. In this scenariootherconservationmeasureslisted in the plan
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will becomemandatoryfor recovery. Choosing85 percentcertainty, the
10,000acre—footyearly incrementprogramleadsto an eventualtotal of about
40,000acre--feet(reachableby 1998),and the 3,000 acre--footyearly increment
programwould achievereclassificationwith a total of about50,000acre--feet
(reachableby 2011).

Becauseof physicaland economiclimitations acquisitionof 10,000acre--
feet/yearwasdeemedunlikely, and 3,000 acre--feet/yearwill not achieve
recovery. Therefore,a compromiseacquisitionrateof 5,000acre--feet/year
wasselectedfor recoveryactivities,and probability valueswere interpolated
from the 3,000--and10,000--acre—footdatadisplayedin Figure C--2. At this
rate,reclassification(85 percentcertainty)would require45,000acre--feet
(reachablein 11 years,by 2003)and recovery(95 percentcertainty)would
requireapproximately110,000acre--feet(reachablein 24 years,by 2016).

DISCUSSION AND CONCLUSION

The uncertaintyin requiredsupplementarywaterillustrated by thegap between
the upperandlower curves in Figure C—l demonstratesthe critical needfor
betterinformationon early survival in cui-ui. Model resultswill be updated
and refined asbetterestimatesof survival becomeavailable. For the moment,
we must makedo with the datawe have. With this caveat,two conclusions
canbe made:

1. Immediateacquisitionof supplementarywater in the amount(best
estimate)of 70,000acre--feet/year(Figure C—l) would permit
considerationof declassificationof cui--uinow;

2. As the acquisitionof supplementarywater becomesincreasingly
protracted,largeracquisitionsbecomenecessary,delisting is
progressivelypostponed,and therisk of coincidentalextinction grows.
At an acquisitionrateof 5,000acre--feet/year(FigureC--2),
reclassificationwould requireacquisitionof a total of approximately
45,000acre--feetand declassificationwould requirea total of
approximately110,000acre--feet.

3. At acquisitionratesless than5,000 acre—feet/year,theeventualyearly
input of supplementarywater would exceedrealisticlimits on
availability, making recoveryimpossiblewithout implementingsomeof
the additional conservationmeasuresdiscussedin the recoveryplan.
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FIGURE C-i. Cui--uipersistence probability associated with different amounts of
supplemental water in the lower Truckee River (acquired immediately) and larvae
survival rates.
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FIGURE C-2. Cui—ui persistence probability associated with different annual
rates of acquiring supplemental water for the lower Truckee River. This assumes
that larvae survival rate is 0.002 and acquisition activities begin in 1994.

00

i
a,
0
0.

0
.0
0

0,8

0.7

0.6

0,5

0,4

0.3

0.2

0.1

0
0 20 40 60 80 100 120

Supplementary water (Xl ,000 acre—feet)

a)
0
e

0)
C

a)

0a.
0

0
-o
0
0.

0.95

0.9

0.85

0.8

0.75

delist

reclassify

0,7
0 20 40 60 60 120

C—10



LITERATURE CITED

Buchanan,C.C. andT.A. Strekal. 1988. Simulatedwater managementand
evaluationproceduresfor cui-ui (Chasmistescuius). U.S. Fishand
Wildlife Serviceand Bureauof Reclamation,Renoand CarsonCity,
NV. 19 pp and appendices.

Dahlberg,M.D. 1979. A review of survival ratesof fish eggsand larvaein
relation to impactassessments.MarineFisheriesReview 1979:1-12.

Lane, W.L. and D.K. Frevert. 1989. Applied stochastictechniquesusers
manual. U.S. Bureauof Reclamation,Denver, CO. 63 pp and
appendices.

Thomas,J.W.; E.D. Forsman;J.B Lint; E.C. Meslow; B.R. Noon; and J.
Verner. 1990. A conservationstrategyfor the northernspottedowl.
U.S. ForestService,National ParkService, Bureauof Land
Management,and Fish and Wildlife Service,Portland,OR. 427 pp.

C-li


